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ABSTRACT
Evaluation of Heme and Free Iron Binding Agents As
Substitutes for Sodium Nitrite in Cured Meat
by
Farzaneh Vahabzadeh, Master of Science
Utah State University, 1982
Major Professor: Dr. Daren P. Cornforth
Department: Nutrition and Food Sciences
Nitric oxide (NO) and carbon monoxide (CO) gases, alone or with
oxalate, phytate, or ethylenediaminetetraacetate (EDTA) were tested
for antibotulinal activity as substitutes for sodium nitrite in ground
pork inoculated with spores of Clostridium botulinum, then abused by
storage at 27°C.

Nitric oxide with 250 ppm oxalate or phytate was

most inhibitory, while NO alone was as effective as 156 ppm sodium
nitrite for inhibition of gas and botulinal toxin production in the
meat system.

All swollen samples contained very low levels of

residual nitrite, but nitroso heme and soluble iron content did not
change compared with unswollen samples of the same treatment while
total heme content decreased slightly.

Binding iron in the meat

system did not appear to be sufficient for botulinal inhibition.
Apparently, residual nitrite must be present to react directly with
the botulinal cell, inhibiting growth.

NO gas would not be a

practical substitute for sodium nitrite in curing, since nitrite
itself is formed when meat is blended in

th~

presence of this gas.

Neither could CO be used in meat curing, since the pink color of raw,

X

CO-treated meat disappeared after cooking.

More importantly, all

samples treated with CO swelled rapidly and contained botulinal toxin.

(125 pages)

INTRODUCTION
There is no record of the first use of nitrate in meat curing.
The historical record, however, reveals that cooked meats and fish
were preserved in sesame oil in jars by people of Mesopotamia as early
Long before the Christian era, saltpetre (Ca(N0 3 ) 2 ), or
'nitre', was used in ancient China and India to cure the meat (Binkerd

as 3000 B.C.

and Kolari, 1975).
In 1873 Smith (Cited by Binkerd and Kolari, 1975) noticed that
the addition of saltpetre to a curing mixture was necessary to produce
a reddish color in the preserved meat.

Using a small amount of Sal

Prunella to give a good color to cured meat was mentioned in many old
recipes.

Preparation of Sal Prunella is from a fused mixture of

nitrate and sulphur and presumably some nitrite was present (Binkerd
and Kolari, 1975).
The first report about the presence of nitrite in cured meat and ;
curing pickle solution was given by Polenske in 1891 (Cited by Sofos
et al., 1979a).

The author concluded that nitrite was formed through

reduction of nitrate by bacteria.

Formation of nitrosohemoglobin, as

a result of reaction between nitrite and hemoglobin and its conversion
to nitrosohemochrome, the pigment responsible for the cured meat
color, was first shown by Haldane in 1901 (Cited by Binkerd and
Kolari, 1975}.
The Bureau of Animal Industry of the USDA permitted experiments
for the direct use of nitrite by a meat processer, under Federal
Inspection, on 19 January 1923 (Cerveny, 1980).

Experiments were

conducted in 17 establishments, for direct addition of sodium nitrite
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to various types of meat (Cerveny, 1980).

The authorization of use of

sodium nitrite in curing of meats in Federally inspected plants, was
formally given by the USDA on October 19, 1925 (Cerveny, 1980).
There are several reasons for use of sodium nitrite for curing
meats:

(a) development of characteristic cured meat color; (b)

development of typical cured flavor; (c) prevention of "warmed-over"
flavor; (d) retardation of f. botulinum growth and toxin production
(Kramlich et al., 1973).

It has also been found that nitroso

compounds are formed from reaction between nitrite, nitrous acid, and
either secondary amines (aliphatic or aromatic) or tertiary aromatic
amines (Schreck, 1975) . Many N-nitroso compounds have been found to be
carcinogenic in a wide range of animal species (Newton et al., 1972).
There is no direct evidence available for carcinogenicity of
nitrosamines in man (Crosby and Sawyer, 1976).
metabolism of dimethylnitrosamine in

However, the

human liver, in vitro, was found

to be similar to that of the rat (Montesano and Magee, 1970).
Therefore it is likely that human is approximately as sensitive to
this compound as the rat (Crosby and Sawyer, 1976).
On February 5, 1972 the FDA-USDA announced that
nitrosopyrrolidine, a nitrosamine, was formed in retail-purchased
bacon when it was fried in a conventional style.

The reported levels

of nitrosopyrrolidine were ranged from 30 to 106 ppb in the fried
product while no nitrosamines were detected in the raw bacon (Herring,
1973).

Fried bacon and some samples of fried country-style ham are

the only cured meats in the United States that have been found to
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contain detectable levels of nitrosopyrrolidine (Greenberg, 1977; USDA
1980).

The USDA issued a regulation in 1978 to reduce ingoing sodium

nitrite levels in bacon to 120 ppm and permitted use of sodium
ascorbqte or sodium isoascorbate (550 ppm) along with it and also set
a maximum level of nitrosamine formation as 10 ppb (Butler, 1980).
Nitrosopyrrolidine level in retail purchased fried bacon was decreased
from an average of 67 ppb in 1972 to 17 ppb in 1976 (Greenberg, 1977).
A further survey by the American Meat Institute (AMI) showed that the
residual nitrite level in bacon was also decreased from an average of
59 ppm before the 1978 regulation to an average of 28 ppm after 1978.
(Cerveny, 1980).
Several recent reports indicate that endogenous synthesis of
nitrate in germ free and conventional rats does occur, and may also
· occur in humans (Tannenbaum et al . , 1978; Green et al., 1981; Witter
et al., 1981). Tannenbaum et al. (1978) concluded that human exposure
to nitrite is greater than previously known and intestinal
nitrification may add to the etiology of cancer in man.
Based on a study on rats Newberne (1979) reported that sodium
nitrite itself was carcinogenic.

Because of the results of this

report the FDA announced that nitrite may increase the risk of human
cancer (USDA, 1978).

Current law requires that any substance shown to

be carcinogenic must be immediately banned for use as a food additive.
Since use of nitrite in cured meats has recognized beneficial effects,
the FDA-USDA submitted a bill to Congress asking for a one year

moratorium on any regulatory action against nitrite. During this time
the FDA-USDA would examine the information on the beneficial and
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possible deterimental effects of nitrites and if necessary prepare a
plan to gradually eliminate use of nitrites.

The total time for this

phaseout plan would depend upon the availability of suitable
substitutes for nitrite to give adequate protection against growth and
toxin production by

f. botulinum in meat products (Butler, 1980). The

Newberne report itself was reviewed (Anon., 1980).

It was found that

some tissue abnormalities had been misunderstood for cancer and
moreover, some cancerous lesions of the rats were a type which occurs
spontaneously in this animal and has no comparison in human cancer
(Anon., 1980).

As a result, the FDA-USDA decided not to start any

action to eliminate nitrite from food .products {Anon., 1980).
However, it is still possible that in the future, cured meat
products as we know them will not be available unless a substitute for
nitrite can be found with the beneficial effects of nitrite, but
without the concern for nitrosamine formation.
A logical way to find a suitable substitute for nitrite would be
to examine compounds which act similarly in meat curing.

In addition

to typical color and flavor, the protection against growth and toxin
production by f. botulinum is essential.

However, the exact mechanism

of inhibitory action of nitrite on this organism is not fully
understood (Sofos et al., 1979a).

Tompkin et al. (1978a) observed

that addition of ionic iron to cured meats stimulated botulinal
growth, and ethylenediaminetetracetate (EDTA) acts synergistically
with nitrite to inhibit growth. It was suggested that nitric oxide
reacts with an iron containing compound such as ferredoxin within the
germinated cell of C. botulinum, interfering with energy metabolism.
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Residual nitrite would act as a pool for the formation of nitric oxide
(Tompkin, 1978).

Other iron binding compounds may also exhibit

antibotulinal effects, and could perhaps be substituted for nitrite in
meat

c~ring

formulations.

Thus, the purpose of this research was to determine the
antibotulinal potential of two heme iron binding gases, nitric oxide
and carbon monoxide, alone or with the free iron binding salts
phytate, oxalate, or EDTA as substitutes for sodium nitrite in
perishable comminuted pork ham.
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REVIEW OF LITERATURE
Color
Concentration of Nitrite Needed for
Development of Cured Meat Color
Addition of sodium nitrite to meat, followed by heat treatment,
produces the characteristic color of cured meat.

The effect of

nitrate and nitrite on the development of cured meat color was noticed
many years ago.

In 1899 Kisskalt (Cited by Wasserman and Tally, 1972)

found that the red color of cured meat was formed in the presence of
nitrite.

A study by Kerr et al. (1926) showed that color and quality

similar to that of hams processed with nitrate could be obtained when
only

a to

1 ounce of nitrite/100 lbs of meat was used in the curing of

the product.
Ingram (1974) stated that as little as 5 ppm nitrite is
sufficient to produce a satisfactory cured meat color for a limited
time.

However, rather higher concentrations of nitrite, up to 20 ppm,

is required to provide adequate color stability.

It is common

practice in the meat industry to describe sodium nitrite concentration
with the term "nitrite."
sodium nitrite.

Thus 5 ppm nitrite is understood to be 5 ppm

Chemically, this terminolody is correct if ppm is

interpreted such that 1 ppm sodium nitrite produces 1 ppm NO~ ion upon
dissociation.

If ppm is defined as mg/kg, then 156 ppm nitrite

(sodium nitrite) would yield only 104.52 ppm dissociated NO~ ion in
the product.
Hustad et al. (1973) noticed the absence of the characteristic
cured meat color in wieners prepared without nitrite, although no
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difference in the color was observed among wieners containing various
levels of nitrite.

Kemp et al. (1975) reported improved color in

dry-cured sliced ham processed with sodium nitrite or potassium
nitrat~.

or a combination of the two.

After one month storage at 1°C,

treatments containing nitrate and/or nitrite retained their color,
while color of the control samples deteriorated.

After one month

storage at 24°C, only the samples treated with nitrite had acceptable
color.

Eakes and Blumer (1975) showed that pork loin (or country

style ham) cured with 70 ppm sodium nitrite and/or potassium nitrate
had acceptable and adequate color.
Pigments of Fresh Meat
The major pigments of fresh meat are oxymyoglobin, myoglobin, and
metmyoglobin.
(Fox, 1966).

These pigments are constantly being interconverted
Myoglobin, which is purple in color, is a reduced

pigment that takes up oxygen and is then converted to a bright red
reduced pigment known as oxymyoglobin.

This pigment will not undergo

further color change as long as the oxygen remains complexed to the
heme group of the pigment (Fox, 1966).

However, the association and

dissociation of oxygen from the heme group of oxymyoglobin continually
occurs.

The rate of the process increases under a number of

conditions; e.g., in low oxygen pressures, the reduced form of the
pigment, oxymyoglobin, converts to the oxidized form, metmyoglobin
(Fox, 1966).

According to Atkinson and Follett (1973), the relative

proportions of the oxidized and reduced forms of heme pigments of meat
is dependent upon:

(a) the oxygen pressure above the meat surface;

(b) the oxygen tension in the tissue fluid containing the pigment,
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which itself depends upon the oxygen uptake by and the rate of oxygen
diffusion into the meat tissue.

As Fox (1966) indicated, the

endogenous substrate present in fresh meat tissue constantly reduces
the brown pigment, metmyoglobin, to the purple form of the pigment,
myoglobin, and the cycle continues if oxygen is present.
Cured Meat Pigment Formation
According to Fox (1966) and Fox and Ackerman (1968), formation of
the cured meat pigment is generally considered as two processes:
first, the biochemical reduction reaction, which causes reduction of
nitrite to nitric oxide, and the reduction of iron in the heme
pigments from ferric to the ferrous state; secondly, the thermal
denaturation of the protein portion of the pigment molecule, which
occurs only when the cured meat product is heated to 150°F or higher.
Fox and Ackerman (1968) studied the effect of various reductants,
pH, and temperature on the formation of nitric oxide myoglobin in
vitro.

This study was conducted to determine which reductants or

systems are principally involved in the meat curing process, and to
find out the mechanisms of the reactions involved.

Reductants, such

as ascorbate, cysteine, glyceraldehyde and nicotinamide adenine
dinucleotide (NADH) were used as being endogenous to meat, or as
having functional groups which correspond to endogenous reductants.
It was found that a nitroso reductant intermediate was formed in the
reaction for all reductants except for glyceraldehyde.

The

intermediate was broken down to release nitric oxide, which forms a
complex of nitric oxide metheme (Fe+++).
to the ferrous state.

The latter compound reduced

Moreover, it was suggested that there is a
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second pathway for cysteine and NADH, which probably involves the
direct reduction of nitric oxide metmyoglobin.
Mohler (1974) reviewed the formation of nitric oxide myoglobin
(or nitric oxide hemoglobin) through chemical, and biochemical
reactions.

Metmyoglobin {a brown pigment) was found to be the first

product formed in the chain reaction in all systems.
Nitric oxide myoglobin has been formed in muscle mince by adding
nitrite without any particular reducing substances added, and by
heating.

According to Mohler (1974), only a chemical reaction occurs

in this system.

Activity of enzyme and co-enzymes has been

eliminated because of denaturation by heat.

Nitric oxide

metmyoglobin, through intermolecular reaction, is transformed to
nitric oxide myoglobin in one step, where the protein sulfhydryl
groups acts as electron donors.

Because the sulfhydryl groups of the

myoglobin are probably not sufficient for this reaction, other
proteins of the muscle probably act as reducing substances.
Non-enzymatic formation of nitric oxide myoglobin from
metmyoglobin, under anaerobic conditions, was explained by Koizumi and
Brown (1971) using a model system.

It was found that nitric oxide

myoglobin was not produced from metmyoglobin and nitrite, in presence
of NADH (reduced nicotinamide adenine dinucleotide) or NADPH (reduced
nicotinamide adenine dinucleotide phosphate) alone, as reducing
agents.

However, nitric oxide myoglobin was readily formed in the

presence of FMN (flavin mononucleotide) and either NADH or NADPH.
(flavin adenine dinucleotide) and riboflavin were also found to be
effective for the formation of the curing pigment with NADH.

FAD
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Reduction of nitrite to nitric oxide did not take place by the
NADH-FMN system in the absence of myoglobin.

Moreover, a

diaphorase-methylene system readily formed nitric oxide myoglobin,
altho~gh

in the absence of myoglobin, this system also did not reduce

nitrite to nitric oxide.

Nitric oxide myoglobin was produced from

deoxymyoglobin by the action of nitrite and in the absence of reducing
compour.ds under anaerobic conditions.

The authors suggested that

deoxymyoglobin can reduce nitrite to nitric oxide.

Metmyoglobin,

resulting from the reaction between deoxymyoglobin and nitrite, can
readily be converted by the NADH-FMN and diaphorase-methylene blue
systems to the deoxy- form which can participate in the formation of
nitric oxide again.

The nitric oxide rapidly reacts with myoglobin to

form nitric oxide myoglobin.

Based on these findings Koizumi and

Brown (1971) concluded that their results have not been consistent
with those obtained by Fox and

Ackerm~n

(1968).

Fox and Ackerman

concluded that NADH was able to reduce nitrite to nitric oxide in
addition to reducing metmyoglobin from a ferric state to a ferrous
state through non-enzymatic reactions, under anaerobic conditions.

On

the other hand, Koizumi and Brown (1971) have shown that non-enzymatic
reduction of metmyoglobin by NADH cannot take place under anaerobic
conditions without the presence of mediators, such as flavin
compounds.
Taylor and Walters (1967) suggested that the respiratory system
is involved in nitrite reduction.

By using a mitochondrial system

(from pork skeletal muscle), they showed that mitrochondria, under
anaerobic conditions, could convert nitrite to nitric oxide.
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~1itochondrial

ferrocytochrome C with cytochrome oxidase was found to

be the mediating enzyme system.

This led the authors to postulate the

following pathway for formation of nitric oxide myoglobin:
anaero~ic

(1) under

conditions, nitrite may act as a replacement for oxygen as

the terminal electron acceptor of the respiratory chain; (2) in the
absence of reducing substances, nitrite oxidizes myoglobin to
metmyoglobin; (3) nitric oxide becomes associated with metmyoglobin;
(4) mitochondria readily reduce nitric oxide metmyoglobin to nitric
oxide myoglobin.
The formation and stability of nitric oxide myoglobin was studied
in a aqueous model solutions, and in a meat system (Reith and Szakaly,
1967a;b).
per ml.

The aqueous model solutions contained 1-1.5 mg myoglobin
Formation of nitric oxide myoglobin from reaction between

nitric oxide and myoglobin was found to be optimum when 1 mol sodium
nitrite per mol myoglobin was present, provided that the solution
contained 200 moles sodium ascorbate.

The same results were obtained

using sodium erythorbate, ascorbic acid, and erythorbic acid.

It was

also found that both higher temperature, and lower pH, markedly
increased the velocity of nitric oxide myoglobin formation.

However,

the optimum quantities of nitric oxide myoglobin produced were found
to be about the same.

Moreover, the stability of nitric oxide

myoglobin in light was found to be greater at higher pH values than at
low pH (Rieth and Szakaly, 1967a).

Subsequent study by the same

authors (Rieth and Szakaly, 1967b) revealed that optimum levels of

nitric oxide myoglobin in .meat were produced with not less than 5
moles nitrite per mol myoglobin.

This may be due partly to side
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reactions with cysteine and other meat components.

However, 3 mols

nitrite per mol myoglobin was sufficient to produce optimum nitric
oxide myoglobin when 200 mols sodium ascorbate per mol myoglobin were
present.

It was also noticed that the formation of green pigments

occurred in the meat system, in the presence of a large excess of
nitrite, (500 mols per mol myoglobin).
Chemistry of Meat Color
The heme group consists of two parts:
iron atom.

an organic part, and an

The organic part, or protoporphyrin, is made up of four

pyrrole groups.

These four groups are linked by methene bridges to

form a tetrapyrrole ring.

Four

me~yl,

two vinyl, and two propionate

side chains are attached to the tetra pyrrole ring.

These

substituents can be arranged in as many as fifteen different ways.
Only one of these isomers, called protoporphyrin IX, is found in
biological systems (Stryer, 1975}.
The iron atom in the heme compound binds to the four nitrogens in
the center of the protoporphrin ring.

The iron is able to form two

additional bonds one on either side of the heme plane.

These bonding

sites are termed the fifth and sixth coordination positions.

The iron

atom in the heme can be either in the ferrous (Fe++} reduced, or the
ferric (Fe+++) oxidized states (Stryer, 1975).
A heme group is present in a crevice near the exterior of the
myoglobin molecule.

The highly polar propionate side chains of the

heme are located on the surface of the molecule.
ionized at physiological pH.

These groups are

The rest of the heme is inside the

molecule, and surrounded by non-polar residues, except for two
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histidines.

The iron atom of the heme is directly bonded to one of

two histidines (F8).

This histidine occupies the fifth coordination

position, and is called the proximal histidine.

The oxygen binding

site is located on the other side of the heme plane, at the sixth
coordination position.

The second histidine residue (E7) is termed

the distal histidine (Stryer, 1975).

The sixth coordination position

is occupied by either imidazole group of histidine, a water molecule,
or a ligand such as oxygen or nitric oxide (Cassens et al., 1979).
Factors Affecting Myoglobin
Concentration
Myoglobin is the main pigment of concern to meat scientists, and
to meat processors.
animal species.

Concentration of myoglobin varies in different

For example, ranges of myoglobin concentration are

2.26-5.41 mg/g fresh tissue in beef muscle (Ginger et al., 1954),
2.87-6.37 mg/g of moisture and fat free tissue in pork (Topel et al.,
1966).

The muscle type is perhaps even more important than the animal

species in determining myoglobin content of the muscle.

For example,

in Yellowfin tuna, myoglobin concentration ranged from 0.37 to 1.28
mg/g wet weight, and 5.3 to 24.4 mg/g wet weight for the light and
dark muscles respectively (Brown, 1962).

Genetic and certain

environmental factors, as well as age, exercise, and diet of the
animal may all be effective in determining muscle myoglobin
concentration (Livingston and Brown, 1981).
Chemistry of the Iron Atom
Iron is a third-row transition metal, which means it has unfilled
energy levels below its valence electron levels.

The transition of
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electrons from filled level to empty 11 3d 11 orbital accounts for the
visible absorption of light, and therefore, the color of complexes of
myoglobin (Livingston and Brown, 1981).
Iron has low electronegativity.

Considering the iron atom with

its eight valence electrons, it may lose two electrons to form ferrous
(Fe++), or may lose three electrons to be ferric (Fe+++) iron cations.
Iron in reduced or oxidized form is found in almost all complexes of
myoglobin.

In order to understand how these two forms react, one

must know how the ligands around the cation affect the remaining
electrons (L{vingston and Brown, 1981).
For an iron cation surrounded by six ligands, the five electron
levels are divided into a group with higher energy levels, and a group
having lower energy levels.

The

11

d11 electrons of the iron atom fill

these energy levels, and are paired or unpaired depending upon the
surrounding ligands.

The number of unpaired electrons determines the

net "spin" of myoglobin complexes.

Molecules such as metmyoglobin,

which contains unpaired, high-spin electrons, are called paramagnetic.
Molecules without unpaired electrons are termed diamagnetic
(Livingston and Brown, 1981).
In the oxymyoglobin complex, the ferrous iron is in a high spin
position, i.e., paramagnetic.

The iron in deoxymyoglobin is

surrounded by five ligands, which alters its electronic distribution.
The oxygen molecule, which has two unpaired electrons, bonds to the
paramagnetic ferrous species to produce a diamagnetic complex.

The

overall electron distribution in the oxymyoglobin complex is at a
lower energy than in either of the starting species.

This is the main
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reason for the stability of the iron-oxygen complex (Livingston and
Brown, 1981).
Electrons can be excited by visible light over the energy gap, or
difference

(~)

between the highest filled and lowest unfilled energy

level of myoglobin compounds.

The exact wavelengths absorbed relative

to those reflected account for the red color of the oxymyoglobin
complex.
hence~

Any other myoglobin complex with similar bonding patterns,
values, would have a similar color to the eye.

The geometry

of the bonding between iron of myoglobin, and ligands, such as oxygen,
nitric oxide, and carbon monoxide, shows that the iron-oxygen bond is
actually bent at 135° to the heme plane (Livingston and Brown, 1981).
Nitric oxide also has this mode of bending, but the iron-carbon
monoxide bond is close to 180°.

Moreover, there are two types of

bonding between the iron of myoglobin and the ligand.

11

The

sigma 11

bond is formed when a ligand, such as oxygen or nitrogen, donates an
electron to the iron cation.

11

The other type of bonding is

pi 11

bonding, which is sometimes called back-bonding, in which the iron
donates electrons back to the ligand through the ligand's
11

pi* " orbitals.

11

pi 11 or

Ferrous iron, with its low nuclear charge, is capable

of donating electrons to the suitable ligand through

11

pi" bonding.

However, ferric iron, with its high nuclear charge, does not form
strong back-bonding.
bind oxygen.

As a result, metmyoglobin (ferric form) can not

However, nitric oxide can bind to the metmyoglobin

because of its superior 11 Sigma 11 bond character.

Nitric oxide

metmyoglobin is a major intermediate in the formation of the nitric
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oxide myoglobin pigment of cured meat color (Livingston and Brown,
1981 ) .
Relationship of Myoglobin
Derivatives to Meat Color
Deoxymyoglobin lacks a ligand in the sixth coordination position,
and it is the ferrous myoglobin complex which is found under low
oxygen pressure.

This form of myoglobin has a purplish-red color, and

is responsible for the color in the interior of a freshly cut beef
steak.

Since deoxymyoglobin has the empty sixth position, it can bind

ligands such as nitric oxide, oxygen or carbon monoxide, by

11

pi 11

back-bonding.
Oxymyoglobin is a ferrous myoglobin derivative which is stable
under high-oxygen tension.

The native ferrous myoglobin is necessary

for oxygen bonding in a stable manner, and once oxidation occurs, a
brown derivative of myoglobin (metmyoglobin) forms, which permanently
replaces red oxymyoglobin, unless reducing conditions are present
(Livingston and Brown, 1981).
Nitric oxide myoglobin is a bright red derivative of myoglobin.
Nitric oxide can bind to an iron cation via both

11

pi 11 and

11

Sigma 11

bonds. Nitric oxide myoglobin is considered unstable in situ, although
nitric oxide dissociation from myoglobin occurs at a much slower rate
than does oxygen.

The reason is that, in the presence of a high

concentration of oxygen, oxygen will replace nitric oxide once the
latter dissociates from ferrous myoglobin.

Since nitric oxide

myoglobin is unstable in situ, the method used for its stabilization
is to denature the protein (Livingston and Brown, 1981).
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The nitric oxide ligand imparts a 11 trans effect 11 to the nitric
oxide myoglobin, and, because of denaturation by heat, the histidine
ligand (opposite ligand) becomes labilized and is replaced by a second
nitric oxide molecule, or a nitrogen-base ligand.

The di-nitric

oxide-heme derivative is a diamagnetic compound, and is quite stable
to oxidation and ligand exchange.

As a result, the curing process

causes a stabilizing effect on the color of cured meat (Livingston and
Brown, 1981).
Carbon monoxide myoglobin is formed by tightly binding carbon
monoxide to myoglobin.

It is a diamagnetic compound, and is different

from oxymyoglobin and nitric oxide myoglobin, in that the bonding has
more

11

Sigma 11 character (Livingston and Brown, 1981).

Carbon monoxide

provides a relatively stable red color in fresh meat (Gee and Brown,
1978).
Flavor
Sodium nitrite has been reported to serve in the development of a
characteristic of cured meat flavor in various meat products.

In

fact, the relationship of nitrite to flavor of a meat product was
first noticed by Brooks et al. (Cited by Cho and Bratzler, 1970) in
1940, in a study of the use of nitrite in the curing of bacon and ham.
Ingram (1974) reported that about 50 ppm nitrite is necessary to
produce the characteristic flavor of the cured meats, although
satisfactory quantitative evidence for this is lacking.

Wasserman and

Talley (1972) reported the importance of nitrite on the flavor of
frankfurters.

Frankfurters made without nitrite were judged as having
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an unappetizing cooked pork flavor.

Dethmers et al. (1975) reported

that addition of nitrite, at a minimum level of 50 ppm, was required
for the development of a typical fresh thuringer flavor in baked pizza
toppin_g.

MacDonald et al. (1980) also found that as low as 50 ppm

sodium nitrite developed a significant cured meat flavor in ham
products.
Although the importance of added sodium nitrite to the flavor of
cured meat products has been well demonstrated, the mechanism of
flavor development is not fully understood.

However, it is well

established that nitrite does protect cured meats from development of
rancid flavors.
Liu and Watts (1970} reported that both heme and non-heme iron
functioned as catalysts for lipid oxidation in a meat system.
Nitrite, by binding heme and perhaps ferrous iron, thus inhibits
rancidity development.

Studies by Sato and Hegarty (1971) and Igene

et al. (1979) also indicated that non-heme iron acted as the major
prooxidant of lipid oxidation in cooked meat.

It was found that a

significant amount of non-heme iron was released from heme pigments of
meat upon cooking.
Mechanism of Nitrite Inhibition of C. botulinum
Theories for Nitrite Inhibition
of Bacterial Growth
A report in 1929 by Grindly (Cited by Ingram, 1974} showed that
the inhibitory effect of nitrite on bacteria is more pronounced under
acid conditions and he suggested that this effect might be due to the
presence of nitrous acid (HN0 2 ).

Tarr (1941) reported that the
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preservative effect of nitrite in fish products was greatly increased
by acidification, and the inhibitory action of nitrite against several
bacterial species was dependent upon the pH of the medium.

Moreover,

this inhibitory effect was markedly increased by reducing pH below
6.0.

Castellani and Niven (1955) also noticed that the bacteriostatic

effect of sodium nitrite against Staphylococcus aureus in a
bacteriological media was greatly influenced by the pH of the medium.
It was found that, as the pH of the m·edium was reduced by one unit,

the bacteriostatic effect of added nitrite increased approximately
10-fold.

The authors suggested that this effect was related to the

undissociated form of nitrous acid.

However, the role of nitrite in

stability and safety of cooked, cured meats is still not fully
understood (Ingram, 1974; Sofos et al., 1979a).

Johnston et al.

(1969) considered four possible roles for nitrite in this matter:

(a)

the enhanced destruction of spores by heat; (b) an increased rate of
germination of spores during the thermal process, followed by death of
the germinated spores by heat; (c) the prevention of growth of
germinated spores that survived the heat process; (d) the formation of
an inhibitory compound from the reaction of nitrite with some type of
meat component during the heat treatment.

Since most vegetative cells

of bacteria are destroyed during heat processing of cured meat
products, interest in heated systems is especially related to the
inhibitory action of nitrite upon bacterial spores (Ingram, 1974;
Benedict, 1980).
strains of

f.

Particularly affected are spores of C. botulinum and

sporogenes such as PA3679 (Ingram, 1974).

PA3679 is a

nontoxic, mesophilic, obligate-anaerobic spore former that is greatly
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more resistant to heat than f. botulinum, and it is used to determine
the safety and adequacy of heat processes applied to low acid foods
(Karel et al., 1975).
Heat Destruction of Bacterial Spores
The enhanced destruction of bacterial spores by heat was first
suggested by Jensen and Hess in 1941 (Cited in Ingram, 1974).

It was

mentioned that spores were more sensitive to heat in the presence of
curing salts.

Duncan and Fostor (1968a) studied the effects of curing

ingredients (sodium chloride, sodium nitrate, sodium nitrite) in the
outgrowth medium on growth of spores of PA3679.

It was found that

spores of PA3679 which survived heat treatment in a buffer system at
98°C for 10 minutes were less tolerant to all curing agents
present in the outgrowth medium than were unheated spores. This effect
was more pronounced at pH 6.0 than at pH 7.0.

Moreover, when the

curing salts were added to the heating medium (the buffer system), but
not to the outgrowth medium, sodium nitrite did not tend to protect
the spores against heat injury, although sodium chloride and sodium
nitrate did.

When the spores were both heated and cultured in the

presence of the curing ingredients, nitrite was found to be markedly
inhibitory to growth of spores, especially at pH 6.0.

However,

nitrate and salt increased the apparent heat resistance of the spores
when used at low concentrations (0.5 to 1.0%), and reduced it at
higher concentrations (2 to 4%).

Duncan and Foster {1968a) suggested

that sodium nitrite enhanced the heat injury of spores such as PA3679h
during heating as observed in nitrite containing buffer system.
11

Injury 11 was the term used to explain the inability of surviving
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spores to multiply in processed cured meat products.

Although these

spores were found to be viable since they would grow by subculturing
in a favorable recovery medium (Tompkin et al., 1978d).
~ivnick

et al. (1970) studied effects of sodium nitrite on

destruction of

f. botulinum spores (types A,B), PA3679, and PA3679h in

a buffer and in a meat system.

The s~ores were heated (individually)

in the buffer system with increasing levels of sodium nitrite and then
incubated at 30°C.
effective than

Nitrite at levels of 200 - 1600 ppm was not more

Q ppm of nitrite to enhance the destruction of any of

the test spores heated at 100°C to F0 =0. 1 in the buffer system.
However, more severe heating of spores of

f. botulinum type B to

F =0.4 i n the presence of 400 ppm of nitrite and PA3679 to F0 =0.8 with
0

1600 ppm of nitrite caused greater destruction of these spores than
the same heat treatment with lower levels of nitrite.
heating spores of

Moreover,

f. botulinum type A and PA3679h at 80°C for 23

minutes in the meat system did not cause destruction of more spores
with 1600 ppm of nitrite than with

Q ppm of nitrite. Pivnick et al.

(1970) concluded that sodium nitrite at levels which were commercially
used in a cured meat system (200 ppm) did not cause the enhanced
destruction of the test spores during heating in either buffer or meat
system containing nitrite.
Ingram and Roberts (1971) also studied the effects of sodium
chloride and sodium nitrite on heat resistance and recovery of spores
of

f. botulinum (type A) in a bacteriological medium. The spore

suspension was heated (for 20 - 120 minutes at 95°C) in water in the
presence or absence of the two curing salts.

It was found that
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addition of 4% sodium chloride, along with 200 ppm sodium nitrite to a
heating medium (water) had little effect on heat resistance of the
However, addition of 2% NaCl and 50 ppm NaN0 2 to the recovery
medium .markedly decreased recovery of spores, although it did not
spores.

destroy the exponential relation
of heating period.

betw~en

surviving spores and duration

Thus, Ingram and Roberts (1971) confirmed the

greater effect of heat on the spores when curing agents were present.
However, this effect resulted from prevention of the growth of heated
spores by curing ingredients in the medium after heating.
Ingram (19'74) stated that the possible role of nitrite in the
stability of canned, cured meat products as due to the enhanced
destruction of spores by heat was now largely eliminated.
Effect of Nitirte on Rate of Spore
Germination and Outgrowth
Although spores of some Clostridium spp. are destroyed during
thermal processing of meat products, some of them survive in either
the presence or the absence of sodium nitrite, and are able to grow
and produce toxin under favorable conditions.

Silliker et al. (1958)

calculated that at least 20% of PA3679 spores added to the cured meat
product survived the applied heat treatment.

A typical meat emulsion

containing 78 ppm added sodium nitrite with 3.5% brine, and a
processing time of F0 =0.10 was used in this study and the meat was
inoculated with 2 spores of PA3679 per gram.

Silliker et al. (1958)

stated that the presence of small numbers of viable aerobic or
anaerobic bacterial spores in commercially processed cured meat
strongly indicated that the primary effect of sodium nitrite was to
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inhibit germination and/or outgrowth of heat injured spores.
Duncan and Foster (1968b) studied the effects of sodium nitrate,
sodium chloride and sodium nitrite on germination and outgrowth of
PA3679h spores in a microculture.

Presence of sodium nitrite as high

as 4% in the growth medium failed to inhibit germination (complete
loss of spores retractility} and swelling of the spores in the micro
culture.

A nitrite concentration of 0.06% at pH 6.0 or 0.8-1.0% at pH

7.0 permitted emergence and elongation of vegetative cells from the
germinated spores, but inhibited vegetative cell division and the
newly emerged vegetative cell then lysed.

At nitrite levels above

0.06 % at pH 6.0 or 1.0% at pH 7.0, the spores lost their retractility
and swelled, although emergence of the vegetative cell did not occur.
Sodium chloride, at levels above 6%, inhibited germination.

Most of

the spores germinated and produced vegetative cells in the presence of
3 to 6% sodium chloride, alhtough vegetative cell division was
blocked.

Sodium nitrate at levels up to 2% showed no apparent effect

on germination and outgrowth of the spores. Duncan and Foster (1968c),
in a continuing study of the effect of sodium nitrite on germination
of PA3679h spores, found that germination of the spores in a nitrite
containing buffer system was accelerated by using increased levels of
NaN0 2 , a low pH, and a high incubation temperature.

In the presence

of low levels of nitrite (0.01 to 0.2%) at 37°C in the buffer system,
there was a 36 - 48 hour lag period before germination started.
However, by increasing the nitrite concentration to 3.45% and the
incubation temperature to 45°C, most of the spores were germinated
within l hour at pH 6.0.

The germination rate was reduced markedly b·y
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increasing pH of the system from 6.0 to 7.0, and it was negligible at
pH 8.0.

The highest acceleration in germination rate took place at an

incubation temperature of 60°C.

Duncan and Foster (1968b) suggested

the fo1lowing role of sodium nitrite in the safety of canned cured
meats.

During normal heat treatment, nitrite may induce germination

of spores and hence make them susceptible to thermal inactivation.
Surviving spores may germinate, but their outgrowth was blocked by
presence of the residual nitrite in the product.
Pivnick et al. (1970) studied the effect of nitrite on
germination of f. botulinum (types A,B), PA3679, and PA3679h spores in
a buffer system, and in a meat system with increasing levels of sodium
nitrite.

It was found that in the buffer system, the sodium nitrite

did not enhance germination of the spores during subsequent incubation
at 30°C.

Enhanced spore germination was noted when high

concentrations of nitrite, and/or severe heat treatment was used.
Moreover, germination of f. botulinum spores (types A,B), and PA3679h,
after heating in the meat system devoid of added nitrite, occurred
readily.

Maximum germination usually took place within one day after

heating.

Addition of nitrite to the meat system, up to 1600 ppm, did

not cause an increased germination of these three organisms during
week of incubation at 30°C.

Pivnick et a1. (1970) stated that the

rapid germination of C. botulinum spores (A,B), and PA3679h in a meat
system which did not contain nitrite and the failure of nitrite even
at high concentration to increase either the germination

ra~e

of the

spores or its extent was contrary to the findings of Duncan and Foster
(1968c).

25

Christiansen et al. (1978) studied the fate of C. botulinum in a
perishable canned cured meat, which was inoculated with spores of f.
botulinum {types A and B), and held at an abuse temperature (27°C).
It

wa~

found that spore germination (loss of heat resistance) took

place readily in the product that was processed with either 156 ppm or
50 ppm of sodium nitrite.

Tompkin et al. (1978e) also reported

germination of the spores in perishable cured meat processed with 156
ppm of sodium nitrite and held at refrigerated temperature before
incubating at abused temperature (27°C).

Sofas et al. (1979a) and

Ingram (1974) both concluded that nitrite does not affect spore
germination .
Roberts and Ingram (1966) examined the ability of spores, after
different heat treatments (F 0

= .0015 to F0 = 1.5) to grow in media

containing various concentrations of sodium chloride, potassium
nitrate and sodium nitrite.

Three strains of Clostridium spp.,

including f. sporogenes PA3679, and two strains of Bacillus were
tested.

It was found that more severe heat treatments were able to

make surviving spores considerably more sensitive to salt and nitrite
in the media, especially at pH values below 6.0.

This inhibitory

effect was produced with less heating for Bacillus spores than for
Clostridium spores.

Roberts and Ingram (1966) suggested that the

safety of cured meat products which received a mild heat treatment
arose from the ability of curing ingredients to interfere with some
stage in the germination and outgrowth of surviving heated spores.
These levels of the curing salts would not be inhibitory to
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germination and growth of unheated spores.

Silliker et al. (1958) and

Pivnick et al. (1970) also reached the same conclusions.
Nitrite as a Precursor for More
Potent .Inhibitory Compounds
A fourth possible role of nitrite in the safety of heated cured
meats is formation of an inhibitory compound from the reaction of
nitrite with some type of meat component during the heat process
(Johnston et al., 1969).

Perigo et al. (1967) undertook extensive

research to determine the inhibitory effect of sodium nitrite on
growth of vegetative cells of

f.

sporogenes in a laboratory medium.

They found that when sodium nitrite was heated in the basic medium an
inhibitory effect on growth of the test organism occurred, and was
found to be different from that of unheated sodium nitrite.
al~

Perigo et

(1967) suggested that nitrite reacted with some component of the

medium, and produced an unknown compound which was actively inhibitory
to growth of vegetative cells of

f. sporogenes PA3679. The

researchers stated that this unknown compound differed in three
important respects from inorganic nitrite.

First, its inhibitory

effect was less pH dependent compared to inorganic nitrite, which was
highly pH dependent.

Secondly, the unknown substance evoked a much

less variable response from the test inoculum.
extremely potent inhibitor.

Thirdly, it was an

The inhibitory effect produced by heating

sodium nitrite in a laboratory media was named the Perigo Inhibitor
(PI) (Johnston et al., 1969).

In another study, Perigo and Roberts

(1968) tested the inhibitory effect of sodium nitrite heated in a
laboratory medium on thirty clostridial strains, including fourteen
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strains of C. botulinum and eight strains of

f.

welchii (perfringens).

Growth of the test organisms was generally prevented by heating 5-20
ppm of sodium nitrite in the laboratory medium at both pH 6.0 and 7.0.
The

in~rease

in the inhibitory action of nitrite after heating in a

laboratory medium was confirmed, and seemed to be general to a wide
variety of clostridia and not limited only to f. sporogenes.
Roberts and Smart (1974) examined the formation of an inhibitory
compound on growth of spores of Clostridium ssp. upon heating a
laboratory medium with added sodium nitrite .

The formation of an

inhibitory substance was confirmed for spores of f. botulinum A, E and

f. sporogenes. Most spores remained inhibited in this medium even
afte·r 3 months incubation but some of the spores were vi ab 1e upon
inoculation into fresh nitrite-free medium.

Moreover, the inhibitory

effect of heated nitrite medium did not last indefinitely, since
growth sometimes occurred when the cell free medium was reinoculated
with vegetative cells of the test organisms.
(1972) showed that growth of spores of

f.

Ashworth and Spencer

sporogenes as well as

vegetative cells, was inhibited in a heated meat/nitrite system.
However, the spores could survive at a much higher nitrite
concentration than could the vegetative cell inoculum.

Viable spores

were still present after 42 days of incubation at 37°C, but vegetative
cells were not present.
Johnston et al. (1969) found that addition of 1.0% meat to a
heated laboratory medium containing nitrite interferred with the
formation of Perigo inhibitor.

Addition of 20% or more of meat

prevented the formation of the inhibitor even when the medium was
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heated with 50 ppm added sodium nitrite.

Johnston et al. (1969)

concluded that the Perigo inhibitor had little or no importance in
describing the role of nitrite in the stability and safety of canned
meat products processed under commerical conditions.
Requirements for formation of a Perigo inhibitor, have been
listed by Ingram (1974):

that a reducing compound such as sodium

thioglycollate, ascorbic acid, or cysteine was necessary; that a
protein hydrolysate, preferably of casein is also necessary.

It was

suggested iron was necessary to produce compounds such as Roussin
salts.
Van Roon (1974) pointed out that iron ions were present in the
Perigo medium.

Iron, by being a transition metal, has the ability to

form coordination complexes with cysteine and nitric oxide.

Moreover,

addition of a small quantity of Fe++ to a heated beef-product caused
an increase in the rate of nitrite reduction.

Van Roon (1974)

explained that a black Roussin salt might be a possible inhibitor
produced upon reaction of sulphide with nitrite and ferrous sulfate at
l00 °C.

Hydrogen sulphide is produced in sterilized meat products (Van

The black Roussin salt (Fe 4s3 (N0 7 )), at concentrations
of 29 mg/1 or higher, inhibits growth of f. sporogenes, and is formed
. ++
only when hydrogen sulphide and free Fe are present (Van Roon,
Roon, 1974).

1974).

This salt could not be detected in sterilized luncheon meats.

Van Roon (1974) suggested that the absence of the black Roussin salt
in the luncheon meat could be due to the rather low amount of hydrogen
sulphide produced during heating and to the adsorption of the non-heme
iron to myofibrillar protein of the luncheon meat.
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Riha and Solberg (1975a) showed Perigo-type inhibition of growth
of f. perfringens by sodium nitrite in a chemically defined medium.
The nitrite was heated or filter sterilized and inhibition was studied
as a function of pH, inoculum size and degree of heating.

Levels of
2-20 ppm sodium nitrite inhibited growth of the organism (10 2 cell/ml)
in the medium at pH 6.3, previously autoclaved at 121°C for 15 min.
However, nitrite at levels of 80-400 ppm were necessary to prevent
growth in the filter sterilized medium.

A correlation was found

between inhibition in filter sterilized medium and the amount of
undissociated form of nitrous acid.
a heated medium.

However, the same was not true in

It was suggested that a more potent inhibitor was

formed upon autoclaving the medium with sodium nitrite.
Direct or Indirect Inhibitory Effect
of Nitrite on Bacteria
Benedict (1980) suggested that nitrite (or nitrous acid) or other
inhibitory products may act positively or directly on the cell or
spore to cause destruction or denaturation of cellular enzymes,
nucleic acids or membranes that are essential to the organism.
Another possibility is that these inhibitors may act negatively or
indirectly outside the cell through destruction or chelation of
external vital nutrients, hence inhibiting uptake by the cell.
Yarbrough et al. (1980) suggested that nitrite inhibits bacteria
by several different ways.

First, nitrite intervenes with energy

conservation by preventing oxyge.n uptake, oxidative phosphorylation,

and proton-dependent active transport. Second, nitrite acts as an

30

uncoupler, resulting in destruction of the proton gradient.

Third,

nitrite inactivates certain metabolic enzymes.
Rowe et al. (1979) reported that active transport, oxygen uptake,
and

o~idative

phosphorylation in Pseudomonas aeruginosa (a strict

aerobe) were inhibited by nitrite.

Subsequent study was conducted by

Yarbrough et al. (1980) and it was found that nitrite inhibited the
proton-dependent, active transport of proline in Escherichia coli (a
facultative anaerobe).
Based on . several studies it has been suggested that nitrite
inactivates bacterial enzyme systems.

Ingram (1939) concluded that

nitrite inhibited respiration in Bacillus cereus by reacting with the
amino groups of the dehydrogenenases.

Castellani and Niven (1955)

suggested that nitrite inactivated certain bacterial enzyme systems
which had active sulfhydryl groups.
Riha and Solberg (1975b) reported that the inhibitory effect of
sodium nitrite on f. perfringens in a chemically defined medium
appeared to be at the cellular level since all cultures that supported
growth showed similar responses and no nutritional differences were
observed between media which were able or unable to support growth.
Riha and Solberg (1975b) hypothesized that sodium nitrite, in some
form, may react with enzymes containing functional sulfhydryl groups,
resulting in growth prevention.

O'Leary and Solberg (1976) determined

the effect of sodium nitrite on intercellular sulfhydryl groups and on
activity of certain sulfhydryl-containing glycolytic enzymes in
perfringens.

f.

There was a complete loss in activity of glyceraldehyde

- 3 -phosphate dehydrogenase (GAP-DH), and a 67% reduction in
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aldolase activity in the presence of sodium nitrite.

Also, a 91%

decrease in the concentration of free sulfhydryl groups of soluble
cellular constituents was observed in sodium nitrite inhibited C.
perfringens cells.

A loss of reduced sulfhydryl groups was shown to

be involved in the inactivation of GAP-DH enzyme.

Nitrite also has

been shown to inhibit the aldolase enzyme isolated from f.

Coli,~

aeruginosa, Streptococcus faecallis, and rabbit muscle (Yarbrough et
al . , 1980) .
Bard and Gunsalus (1950) showed that the glycolytic pathway in

f.

perfringens required participation of free metallic ions, of which
ferrous iron was found to be the most effective.

The effect of the

metallic ions was traced to the activation of aldolase enzyme which
was prepared in cell-free form from f. · perfringens.

This enzyme was

shown to be inhibited by metal complexing agents.

The inhibition of

the aldolase enzyme was reversed by ferrous ions.

The effect of iron

on metabolism of carbohydrates by f. welchii (perfringens) was studied
by Pappenheimer and Shaskan (1944).

It was found that the products

obtained from the breakdown of glucose were dependent upon the iron
concentration in the cells.

When f. welchii was grown in the medium

containing an excess of iron, the fermentation process was
predominately an acetic-butyric acid type with production of a
considerable quantities of carbon dioxide and hydrogen.

However, when

the test organism was grown in a medium deficient in iron, the
fermentation process was shifted towards a more purely lactic acid
type of fermentation.

It was suggested that two separate mechanisms

appeared to be present for the breakdown of glucose in C. welchii
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organism.

One of these reactions would need the presence of

considerable quantities of an iron containing enzyme within the cell.
In fact, both mechanisms presumably occurred simultaneously, but the
exten~

to which a given reaction was followed was dependent upon the

amount of iron-containing enzyme within the cell.

Pappenheimer and

Shaskan (1944) suggested that the postulated enzyme must contain iron
in a form other than that of the heme group, since it was generally
supposed that anaerobic bacteria, such as Clostridium spp., did not
have the cytochrome system.
Iron Binding by Nitrite as a
Mechanism for C. botulinum
Inhibition
During the course of study on the stability and safety of canned
cured meats, Tompkin et al. (1978a) offered a hypothesis for the
inhibitory effect of sodium nitrite upon

f. botulinum. This was based

on a reaction of nitric oxide (produced upon dissociation of nitrite)
with the iron of a compound, such as ferridoxin, within the germinated
cell.

Such a reaction could disturb the energy metabolism of the

germinated cell, and hence inhibit the growth of the organism.
Tompkin et al. (1978b) reported that the addition of sodium
isoascorbate to the formulation of perishable canned comminuted cured
meat markedly enhanced the antibotulinal effect of sodium nitrite.

In

fact, a combination of 50 ppm sodium nitrite plus 0.02% isoascorbate
was as effective as 156 ppm sodium nitrite alone in the retardation of
botulinal outgrowth.

However, 50 ppm sodium nitrite alone had little

or no effect, and 0.02% isoascorbate alone was not effective.
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EDTA, when added to meat at a level of 500 ppm along with sodium
nitrite (156 ppm) and sodium isoascorbate (0.02%) was also inhibitory.
EDTA alone did not have an inhibitory effect (Tompkin et al., 1979).
rompkin et al. (1978c) concluded that the enhanced antibotulinal
efficacy of sodium nitrite with isoascorbate, cysteine, or EDTA was
because of their chelating properties.

These chelating agents

non-specifically bind divalent ions, Tompkin et al. (1978a) found that
calcium, magnesium, manganese, and zinc chlorides were not effective
on botulinal growth, but ferric chloride, ferrous chloride, and
reduced iron powder did stimulate the growth of the organism in cured
meat.

Thus, the synegistic effect of chelating agents with sodium

nitrite is probably due to binding of ionic iron, resulting in reduced
botulinal growth.
In an attempt to explain the variation that was noted in an
earlier study (Tompkin et al., 1977), Tompkin et al. (1978d) observed
that addition of hemoglobin (1% w/w) to product formulated with 156
ppm sodium nitrite reduced both the amount of residual nitrite and the
degree of botulinal inhibition.

Among various types of meat such as

pork ham, beef round, pork heart and beef heart formulated with 156
ppm sodium nitrite, no botulinal inhibition was noted for heart meats.
This loss of inhibition occurred when the level of residual nitrite

was still high.

It seemed that there was a direct opposite

relationship between the amount of muscle pigmentation and the degree
of botulinal inhibition.

Heart meat contained more iron than the

other types of meat. The loss of botulinal inhibition in heart meat
could due to the higher iron content of this product.

However,
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products containing beef liver with as much iron as heart meat did not
have a loss of inhibition (Tompkin et al., 1978a).

Tompkin et al.

(1978a) suggested that the availability of the iron in the tissue was
the key for botulinal inhibition, rather than the quantity of iron in
the tissue.

Apparently, heme iron of heart meat is more available for

botulinal growth than the protein bound iron of liver.
Ferredoxin
Ferredoxin is an iron-sulfur protein which has been found in many
species of bacteria.

It functions as an electron carrier.

Among

fermentative bacteria, the following clostridial species are known to
contain this iron sulfur protein: f. pasteurianum, f. acidiuria,
butyricum,

f.

cylindrosporum,

thermosaccharolyticum,

f.

f.

tetanomorphum,

kluyreri,

f.

f.

nigrificans,

tantanivarum,

f.

~
~

sticklandii,

~

lactoacetophilum, f. therumoceticum, and f. sporogenes (Levenberg et
al., 1963). f. pasteurianum also contains another iron-sulfur protein
known as flavodoxin, which is also an electron carrier protein.
Oxidation reduction reactions are essential for anaerobic bacteria,
which grow at the expense of a compounds such as sugars and organic
nitrogen substances.

These reactions often depend on the presence of

ferredoxin or flavodoxin proteins (Yoch and Valentine, 1972).

The

phosphoroclastic reaction (the oxidative cleavage of pyruvate)
calalyzed by extracts of

f.

pasteurianum was the first reaction shown

to require ferredoxin (Mortenson et al., 1963).

Ferredoxin functions

in the electron transport chain between pyruyic dehydrogenase and
hydrogenase (Mortenson et al., 1963).
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There are at least 18 ferredoxin dependent reactions in
fermentative bacteria, including pyruvate dehydrogenase, pyruvate
synthase, NAD reductase, hydrogenase and nitrogenase (Yoch and
Valentine, 1972).
Iron Requirement of Clostridia
Iron in the form of Feso

is one of the constituents of synthetic
4
media used for growth and sporulation of f. botulinum types A and E
(Smith, 1977).

Iron, in the form of Feso 4 , was also one of the
components of a synthetic media for growth of f. tetani (Feeney et
al., 1943a).

Feeney et al. (1943b) reported iron as the most

important single limiting growth factor in the casein hydrolysate

f. tetani. Under conditions of

medium for optimal toxin production of

maximal toxin production, the iron appeared to be the first substance
to disappear from the medium, probably bound in organic combination in
the cells of the organism.

In fact,

0.05

~g

required for optimal tetanus toxin production.

of Fe per ml was
Growth of the organism

decreased sharply when iron was below this level.

Growth was improved

with larger quantities of iron, but the level of toxin diminished.
Bonventre and Kemp (1960) studied the physiology of toxin formation in
C. botulinum types A and B.

It was found that a considerable decrease

in toxicity of the filtrate occurred in the presence of Versene
(EDTA), at a final concentration of 0.001 M.

EDTA also prevented cell

multiplication of the organism, but these effects were reversed by the
addition of ferrous or magnesium salts.

Winarno et al. (1971) also

reported EDTA inhibition of germination and outgrowth of C. botulinum
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spores (type A) in polypeptone agar medium, pork infusion agar, and
fish hemogenate, in concentrations above 2.5 mM.
Farkas and Grecz (1980) reported that heat resistance of C. ·
botuliDum spores (type A) was substantially reduced in a medium
containing EDTA.

The authors suggested that this effect was likely

due to the removal of divalent cations, which might have an important
role in stability of membrane of the cell.

Moreover, it has been

reported (Smith, 1977) that heat resistance of spores of C. botulinum
was lower in a growth medium when the concentration of iron and
calcium in the medium was below a certain level.
It seems that iron is an important metal ion for C. botulinum
growth.

Benedict (1980) has offered the following mechanisms for

inhibition of growth of

f. botulinum by sodium nitrite in cured meats.

"(a) reaction and oxidation of cellular biochemicals within vegetative
cells and spores; (b) restriction of use of iron or other essential
metal ions, through inhibition of solubilization, transport or
assimilation, thus interfering with metabolism and repair mechanisms
and (c) cell surface membrane activity which limits substrate
transport into the growing cell. 11
Sodium Nitrite:

Initial Levels vs. Residual

A major issue in describing the inhibitory effect of nitrite in
the botulinal safety of cured meats is the relative importance of the
initial nitrite level (at the time of product manufacture) versus that

of residual nitrite concentration, which is found in the product after
processing and during storage (Sofas et al., 1979a; Sofas and Busta,
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1980).

Ashworth and Spencer (1972) studied the presence of the Perigo

factor in minced pork formulated with different levels of sodium
nitrite.

The researchers suggested that the inhibitory effect of

nitrit~

observed in the heated meat could not be described by levels

of residual nitrite alone.

Greenberg (1972) studied the inhibitory

effect of nitrite and nitrate in canned ham formulated with different
levels of these ingredients, and inoculated with spores of
botulinum (types A and B).

f.

It was concluded that the initial nitrite

level was the key factor to prevent botulinum toxin formation in the
product rather than the residual nitrite level.

Working with a

similar product, Christiansen et al. (1973) found that both rate of
botulinal toxin formation, and number of toxic cans were dependent
upon the concentration of nitrite added to the meat at the time of
processing.

Christiansen et al. (1978) followed spore germination of

f. botulinum, cell survival, and residual nitrite depletion in
perishable canned cured pork during storage at 27°C.

The product was
processed with 50 or 156 ppm nitrite and inoculated with 10 2 or 10 4
botulinal spores/g.

The data revealed presence of a race between

nitrite reduction and death rate of germinated spores.

Christiansen

et al. (1978) suggested that the botulinal safety of these types of
cured meats is dependent upon adequate amount of residual nitrite,
until the level of viable cells declined to a level at which no growth
can be initiated.

Working with a similar product, Tompkin et al.

(1978e) examined the effects of prior refrigeration on growth of

f.

botulinum spores in a product {perishable canned cured meat) at abuse
temperature (27°C).

It was found that the protection against
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botulinal outgrowth was reduced, if the product was stored at l0°C
before incubating it at 27°C.

It seemed that there was a relation

between decreasing in botulinal inhibition and reduction of residual
nitrit~

in the product.
Botulinal Safety of Cured Meats

Incidence of C. botulinum Spores
The incidence of C. botulinum spores has been reported to be
relatively low in raw and cured meats ' (Greenberg et al., 1966a;
Taclindo et al., 1967; Abrahamsson and Riemann, 1971).

Lechowich et

al. (1978) have given an approximate calculation of one C. botulinum
spore per 1-7 lb. of meat product.
Although contamination levels are low, botulism would be a
significant health hazard without processing methods and/or additives
to destroy or inhibit spore development.
Sodium Nitrate
Nitrate used in meat curing, serves most likely as a source of
nitrite, and its• direct effect on growth and toxin production from

f.

botulinum is minor or negligible (Bulman and Ayres, 1952; Lechowich et
al., 1978; Sofos et al., 1979a; Sofas and Busta, 1980).
Sodium Chloride
Sodium chloride is one of the important factors in controlling
Clostridium spp. growth in cured meat products (Bulman and Ayres,

1952; Sofas and Busta, 1980).
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Sodium chloride alone could inhibit growth of f. botulinum in
meat products when used at 7% by weight (Lechowich et al., 1978).
Organoleptic considerations limit most cured meats to an average of
2-3% s~lt, although country-cured hams have a salt level of at least
4% (Sofos and Busta, 1980).
(Duncan, 1970).

A 4-6% brine is usual in cured meats

Percent brine means the percentage of sodium chloride

in the water phase of the meat emulsion (Silliker et al., 1958).
It is generally agreed that approximately 10% NaCl (percent brine
concentration) is sufficient to inhibit growth and toxin formation by

f. botulinum (Segner et al., 1966; Duncan, 1970). However, outgrowth
of Type E spores in Trypticose-peptone-glucose (TPG) medium was
inhibited by 4-5% (w/w) salt (Segner et al., 1966).

It was found

that, at 16°, 21° and 30°C, outgrowth of the spores was inhibited by
4.5-5% salt and, at 8° and l0°C, the inhibitory level of salt was
4.5%. Segner et al. (1966) suggested that salt levels which did not
have an effect on outgrowth of the spores at temperatures near optimum
could have a significant role when incubated at low temperatures.
Greenberg et al . (1959) studied the effect of NaCl on toxin
production and organoleptic breakdown in perishable cured meat product
which was inoculated with

f. botulinum spores (types A and B).

Botulium toxin formation without organoleptic degradation was observed
in the product which contained 6.25, 7.09 and 7.12% brine.
Bulman and Ayres (1952) studied preservative effects of curing
salts in a comminuted pork system inoculated with 175 PA3679 spores/g.
Sodium chloride at a concentration of 4% by weight increased the shelf
life of the meat system 3 weeks longer than that of the raw pork meat
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prepared without added salt or with only 2% added salt.

Samples

prepared with 6% or 8% sodium chloride did not spoil during 10 months
storage at 37°C.

Growther et al. (1977) reported growth and toxin

production by f. botulinum in mildly salted {4% w/w NaCl), if nitrite
was not added.

Growth was not observed in pork prepared with 5.5%

(w/w) NaCl.
Duncan and Foster (1968a) studied the role of curing ingredients
in the preservation of shelf-stable canned meat products.

It was

found that when sodium chloride was added to the heating medium, but
not to the outgrowth medium of putrificative anaerobe spores
(PA3679h), it had ·a tendency to protect the spores against heat
injury.
Duncan and Foster (1968b) also studied the effect of curing salts
on germination and outgrowth of spores of PA3679h in a microculture.
- Most of the spores germinated and formed vegetative cells in the
presence 3-6% sodium chloride in the outgrowth medium, but vegetative
cell division was prevented.
Spores of f. botulinum types A, B and E germinated in a
Reinforced Clostridial Medium (RCM) containing at least 10.3% w/w of
NaCl, but they were not able to begin vegetative growth.

Also, the

rate and amount of germination was decreased at this level of NaCl,
(Baird-Parker and Freame, 1967).

It is generally accepted that

germination of spores can take place in the presence of higher levels
of NaCl than can growth of vegetative cells.
Acidity
The pH of cured meat products usually ranges from 5.5 to 6.2-6.6
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(Duncan, 1970; Lechowich et al., 1978).

The minimum and maximum

levels of pH which permit growth of the proteolytic strains of C.
botulinum are 4.5 and 9.0 respectively, while these values are 5.0-5.2
and

8.~

for the nonproteolytic strains (Hobbs, 1976).

Townsend et al. (1954) undertook a study to determine the levels
of pH at which spores of f. botulinum · (types A and B) would germinate,
grow, and form toxin in different types of food products.

pH 4.8 was

the lowest level of pH at which growth occurred in pineapple rice
pudding.

It was also found that growth of the spores in culture media

was prevented at higher pH levels than in the food products.
Generally type A strains of C. botulinum were equally or more tolerant
to acid than type B strains.
Microbial Contamination
Outbreaks of botulism from canned high acid foods with pH below
4.5, such as tomatoes or tomato juice have been reported (Frazier and
Westhoff, 1978).

One possible reason for this is that other

microorganisms grew and increased the pH of a food to a level which C.
botulinum could grow.

Presence of other microorganisms in a meat

product may influence, directly or indirectly, growth and toxin
formation by f. botulinum (Sofas and Busta, 1980).

Enterococci

including Strep. faecium, Strep. durans, and Strep. faecalis
have been shown to have antibacterial effects on some species of
Clostridium, Bacillus and Lactobacillus in canned hams (Kafel and
Ayres, 1969).

Presence of Clostridium spp. and Bacillus spp. were

observed rarely in hams contaminated with enterococci when compared
with those hams without enterococci.
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Saleh and Ordal (1955) reported that lactic acid bacteria
inhibited growth and toxin production of
frozen food.

f. botulinum in a precooked

It was suggested that f. botulinum spores failed to

germinate under acid conditions.
Product Composition
Product composition may be an important factor in botulism
control of canned cured meat (Sofas and Busta, 1980).

Perishable

canned cured meat made of heart meats (beef or pork), formulated with
156 ppm sodium nitrite, and inoculated with spores of C. botulinum
(types A and B) showed no botulinal inhibition when held at 27°C,
although these products had a high level of residual nitrite after
processing and at the time of spoilage (Tompkin et al., 1978d).
Dehydration
Microorganisms have a fixed requirement for water and no growth
can take place without water.

This amount of needed water is

explained in terms of water activity (Aw) which is the vapor pressure
of the solution divided by the vapor pressure of the solvent (Frazier
and Westhoff, 1978).

Baird-Parker and Freame (1967) studied the

effect of Aw in combination with pH and temperature on growth of C.
botulinum (types A, B, E) vegetative cells and spores in a
bacteriological medium.

In the medium containing sodium chloride at

pH 7.0, the minimum Aw which allowed growth of C. botulinum types A
and B from vegetative cell inocula was 0.97 at 20°C and 0.96 at 30°C.
At 20°C in this medium but at pH 5.0 no growth was noted for both
types A and B at Aw=0.99.

The minimum Alft which permitted growth of C.
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botulinum type E from vegetative cell inocula was 0.98 at 20° or 30°C
in sodium chloride containing media at pH 7.0.
Storage Temperature
Storage of meat and cured meat products at refrigeration
temperatures is a good way for controlling f. botulinum growth, and
influences considerably the safety of these products.
The minimum temperature for growth and toxin production by
proteolytic strains of f. botulinum is 10° to l2°C, and 3° to 5°C for
the non proteolytic strains.

Growth of all strains are prevented at

temperatures above 45°C (Hobbs, 1976).
Collins-Thompson et al. (1974) studied the effect of nitrite and
storage temperature on the organoleptic quality and toxin production
by

f. botulinum in bacon inoculated with C. botulinum spores (types A

and B). Botulinum toxin was not found in any samples inoculated with
10 2 spores per g and stored at 20°C for 32 days. Increasing the
incubation temperature to 30°C considerable increased the incidence of
toxic samples.

The authors concluded that storage temperature and

spore level both markedly influence botulinum toxin formation.
Collins-Thompson et al. (1974) also indicated toxin formation by f.
botulinum in bacon processed commercially, and stored at temperatures
below 20°C, is not likely to occur.
Chemical Ingredients
Several studies have been conducted on the effectiveness of
ascorbate or its stereioisomer isoascorbate (erythorbate) in
controlling

f.

botulinum growth in cured meats (Sofas and Busta,
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1980).

Ascorbate and isoascorbate increase rate of cure color

formation and produce more stable color and delay oxidative rancidity
in meat products (Tompkin et al., 1978b).
react~

One mole ascorbic acid

with two moles of nitrite producing dehydroascorbic acid, 2NO,

and 2H 0 (Sander, 1974). The importance of this reaction to prevent
2
formation of nitrosamines in vitro was mentioned (Sander, 1974).
Thermal Processing
The 120 concept is the basis for safety of all canned,
shelf-stable low-acid foods.

These foods receive a thermal process

designed to leave less than one surviving heat resistent spore present
in one can containing lxlO" spores, or less than one surviving spore
in lxlO" of the same size can each having one spore.
treatment equivalent to 2.78 min. at 250°F (F 0

=

A thermal heat

2.78 min.) is

necessary for the 120 destruction of f. botulinum spores in phosphate
buffer at pH 7.0 (Lechowich et al., 1978).

Duncan (1970) concluded

that the curing salts alone at the levels commercially used are not
adequate to inhibit spoilage of non-sterile meat .

On the other hand,

the comparatively mild thermal process without the curing agents is
not close to sufficient to kill all of the spores which may be
present.

Thus the safety and shelf stability of these meat products

have been known to be dependent on presence of low numbers of the
spores in meat, a mild heat treatment which destroys the vegetative
cells and injures the spores, and the inhibitory effect of the curing
agents on the injured spores (Riemann, 1963).
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Characteristics of C. botulinum
The genus Clostridium, along with the genus Bacillus, and the
D~sulphotomaculum,

genus
1976).

is placed in the family Bacillaceae (Hobbs,

These three genera, along with the genus Sporosarcina, are

classified as Gram positive, unicellular, endosporeforming bacteria,
based on their oxygen relations (Stanier et al., 1976).

Clostridia

are strict or facultative anaerobes (Benedict, 1980).
How does a spore form in spore forming bacteria? The spores are
not normally formed during active growth and division of spore forming
bacteria.

Their differentiation starts when a population of

vegetative cells passes out of the exponential growth phase as a
result of nutrient limitation, and approaches the stationary phase.
Typically, one endospore is produced in one vegetative cell (Stanier
et al., 1976).
The mature spore is liberated upon autolysis of the vegetative
cell, is highly dehydrated, and has no detectable metabolism.
However, the spore retains the ability to germinate and develop into a
vegetative cell for many years (often decades).

The most common

mechanism for spore activation is heat shocking, which is exposure to
an elevated, but sublethal temperature for a period of time (Stanier
et al., 1976).

For example, a temperature of 80°C for ten minutes

activates spores of protroytic strains of C. botulinum (Smith, 1977).
In facts no detectable changes occur in the appearance of heat shocked
spores. It enables the spores to germinate, when subsequently placed
in a favorable environment for the germination process.

The
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germination of the activated spores is very rapid, and is expressed by
a loss of retractility, heat resistance and loss of resistance to
other deleterious compounds, and the unleashing of metabolic activity
(Stanier et al., 1976).
According to Duncan and Foster (1968b), the stages in germination
and outgrowth of PA3679h {putrificative anaerobe 3679h) spores in
liver veal agar microculture (pH 7.0), at room temperature, follow the
sequences below:

(a) at 5 hr. several spores lost their retractility;

(b) at 7 hr. spores have swelled; (c) at 10 hr. vegetative cells have
emerged from ends of spores; (d) at 13 hr. vegetative cells have
become elongated; (e) at 15 hr. cell division has occurred and (f) at
18 hr. growth is continued.
Germination of activated spores needs a chemical trigger such as
L-alanine, ribosides (adenosine, inosine), glucose, Ca-dipicolinate,
and various inorganic anions and cations (Stanier, et al., 1976).

The

formation of a vegetative cell from a bacterial spore, generally may
be explained by a three stage process.
is considered to be reversible.

The first is activation, which

The second stage is initiation of

germination, which irreversibly terminates the state of dormancy, and
results in formation of a viable spore that does not possess the
typical resistance that occurs during dormancy.

The third stage,

taking place subsequent to initiation, has been called outgrowth.
This stage is dependent upon synthesis of new macromolecules for
development of the vegetative cell from the spore (Duncan, 1970).
The genus

Clo~tridium,

are normal soil inhibitants.

which includes some pathogenic species,
Botulism disease results from the action
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of a neurotoxin produced by f. botulinum (Sugiyama, 1980).

The C.

botulinum organism was first isolated and described by Von Ermengem in
1896 (Cited by Smith, 1977) in the course of an investigation into the
deaths.of three, and sickness of twenty-three people in Belgium who
ate raw, salted ham. After this work, a number of outbreaks were
studied, and soon after, it was found that there were at least two
types of this organism, which produced serologically distinct toxins
(Smith, 1977).

As Smith (1977) mentioned, these two types received

their present alphabetic designation (A and B) by Burke, working at
Stanford University (Burke, 1919).
toxin types A, B,

c1 , c2 ,

There are now eight recognized

D, E, F, and G.

It has been found that

lysogenic bacteriophages control production of c1 and D toxins.
has not been determined for the other types of botulinum toxins
(Sugiyama, 1980).

However, Inoue and !ida

(1~68)

This

reported the

presence of bacteriophages in f. botulinum type A-F. The word
11

Botulinum 11 comes from 11 botulus, 11 a Latin word meaning sausage (Smith,

1977).
Neither the spore nor the vegetative cell of f. botulinum itself
is toxic (Post, 1977).
vegetative cells of

The neurotoxic proteins are formed inside the

f. botulinum during growth, and released into the

surrounding medium, following autolysis (Hobbs, 1976).
Nitrite Substitutes
The historical search for a possible substitute for sodium
nitrite in the meat curing process reveals that the original attempts
were based on discovery of a single, complete compound that could
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provide the same characteristics as nitrite; e.g., color, flavor, and
antibotulinal effect, without having a potential health hazard
(Sebranek, 1979).
Several hundred compounds have been examined to determine their
ability to form cured meat color (Howard et al., 1973; Kemp, 1974;
Dymicky et al., 1975), but none has been a good substitute (Sebranek,
1979).
Tarladgis (1967) claimed that a number of nitrogenous,
heterocyclic compounds such as purines, pyrimidines, pyrazines, and
triazines could preserve red color of the meat product by stabilizing
the ferrous porphyrin coordination complex of the meat.

Howard et

al. (1973) tested a variety of nitrogenous compounds, including
derivatives of pyridine, amino acids, and amino acid esters for their
ability to produce ferrohemochromes in a model system, and in cooked
ground meat mixtures.

Ferrohemochrome was formed as a result of

reactions between the following derivatives of pyridine and bovine
myoglobin at pH 5.0 or 6.0 (the model system).

These compounds were:

methyl, ethyl, and hexyl nicotinate, N-ethyl and
N,N-diethylnicotinamide, nicotinamide, sodium nicotinate, nicotinuric
acid, nicotinic acid hydroximate, isonicotinic acid, isonicotinic acid
hydrazide, and isonicotinamide.

N,N-diethylnicotinamide and methyl

and hexyl nicotinate formed a stable pink pigment in a cooked ground
meat mixture (frankfurter type product).

These three compounds and

trigonelline were also effective in combination with low nitrite
levels (10 or 20 ppm) in forming a sta.ble and long-lasting pink, cured
meat color in the frankfurter type product.

Howard et al. (1973)
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discussed the vasodilitory properties of some nicotinic acid and
nicotinamide derivatives.

However, the authors did not find any

mention of pharmacological effects of nicotinic acid esters.

From a

color stand point, Kemp (1974) suggested the following substances as
nitrite substitutes: nicotinic acid, nicotinamide, hexyl nicotinate,
methyl nicotinate, pyridine, tetrazole, purines, pyrimidines,
imidazole, pyrazine, triazine, nicotinic acid hydroximate, 2-methyl
imidazole, N-N,dimethyl nicotinamide, trigonelline, pentaerythritol,
and pentaeryvthritoltetranicotinate.
Dymicky et al. (1975) found that pyridine compounds were most
effective in the formation of pink color pigment, depending on the
nature and position of the substituent.

A model system (a meat

emulsion slurry), and a frankfurter type product were used. The
authors reported that the best pink color was produced by
3-acylpyridines.

Isoquinoline, pyrazine, and imidazole compounds were

also able to form stable pigments.
The main problem to overcome in finding a suitable substitute for
nitrite in cured meats is not so much color or flavor, but adequate
protection against
1979}.

f. botulinum growth and toxin production (Sebranek,

Some of the common preservatives used as antimicrobial agents

in food products, such as parabens and sorbate, have recently been
suggested as possible substitutes for nitrite as antibotulinal agents
in meat products (Sofos and Busta, 1980).
Methyl and propyl esters of parahydroxybenzoic acid are known as
parabens.

In the meat industry, propylparaben is an approved

preservative for use in the casings of dry sausages, in order to delay
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mold growth (Sofas and Busta, 1980).

A study by Robach and Pierson

(1978) showed that the addition of 200 ppm of propylparaben to a
thiotone-yeast extract-glucose (TYG) growth medium, prevented
germin~tion

and toxin production by

f. botulinum type A.

Sorbic acid is a 6-carbon, unsaturated, fatty acid.

Sorbic acid

and its salts are used in foods to inhibit growth of fungi, yeasts,
and many bacteria.

Their inhibitory effect against bacteria, however,

is not as comprehensive as that against yeasts and fungi (Sofos et
al., 1979a).

The approved application of sorbic acid in meat products

is that of dipping the dry sausage casings in a 2.5% solution of
potassium sorbate, in order to prevent mold growth on the surface of
the product during the drying period (Sofos et al., 1979a).
A study by Tompkin et al. (1974) was the first to show that
potassium sorbate, at a level of 0.1 % wt/wt, delayed growth and toxin
production of

f. botulinum (types A and B) in temperature abused,

pre - cooked, uncured sausage links.

In contrast Emard and Vaughn

(1952) reported that sorbic acid may be a useful agent for selective
enrichment of the genus Clostridium.
Ivey et al. (1978) showed that potassium sorbate, at a level of
0.26 %, delayed

f. botulinum (types A and B) outgrowth and toxin

production in temperature abused bacon.

Sorbic acid at a level of

0.2% is reported to be antibotulinal in wieners to an extent similar
to that of 156 ppm of sodium nitrite (Sofas et al., 1979b).

Ivey and

Robach (1978) showed an antibotulinal effect by 0.2% sorbic acid in
canned comminuted pork.

However, 0.1% sorbic acid was found to be

ineffective in the system.

Sofas et al. found (1980) that the
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efficacy of potassium sorbate at a level of 0.26%, in botulinal
inhibition in bacon, increased when used in combination with 40 or 80
ppm of sodium nitrite.
Qn May 16, 1978 the USDA proposed an amendment to the Federal
Meat Inspection Act, which was revised on September 1, 1978 (USDA,
1979).

It was proposed that bacon be formulated with 40 ppm sodium

nitrite, or an equivalent amount of potassium nitrite (49 ppm), in
combination with 0.26% potassium sorbate and 550 ppm of sodium
ascorbate, or sodium erythorbate (isoascorbate).
have become effective one year from May 16, 1978.

The proposal would
Meanwhile,

additional studies would have been necessary, concerning botulism
safety and nitrosamine levels of the product.

However, the amendment

was not enacted, because of the finding that some people experience
allergic reaction to sorbic acid, in the levels proposed.
Strains of lactobacilli are used in the curing of meat products
such as thuringer and Lebanon bologna.

This form of fermentation

takes place under acidic conditions (Frazier and Westhoff, 1978).
Tanaka et al. (1980) evaluated the use of Lactobacillus plantarum and
sucrose in lowering the amount of sodium nitrite in bacon.

This work

was limited only to antibotulinal properties of these systems, and
organoleptic effects were not determined.

It was found that the

addition of lactobacilli, along with 0.9% sucrose, gave good
protection against formation of botulinal toxin in bacon, to which was
added C. botulinum spores (types A and B), and was

(27°C,).

temp~rature

abused

Botulinal growth was inhibited because acid was produced

upon temperature abuse. The effectiveness of 120 ppm nitrite plus
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sucrose, without added lactic acid bacteria, was variable, and was
dependent upon the presence of naturally contaminating lactobacilli in
The authors suggested that, since the antibotulinal effect of

bacon.

the su_gar-lactic acid bacteria system was not dependent on the
presence of sodium nitrite, added nitrite could be reduced to the
level necessary to produce organoleptically acceptable products.
However, more research is needed to answer questions such as best
strain of lactic acid bacteria for optimum acid production under abuse
conditions, without causing unwanted acidity in the product under
refrigerated storage.
Tompkin et al. (1980) showed that addition of sodium
metabisulfite, as a source of sulfur dioxide, to canned comminuted
pork, could inhibit outgrowth and toxin production of
types A and B in temperature abused product.

f.

botulinum

Significant inhibition

was observed when sulfur dioxide was used at a level greater than 100
ppm.

However, the efficacy of sulfur dioxide decreased when it was

used in combination with low levels sodium nitrite (40 ppm}, added for
color.
Sodium metabisulfate and sodium sulfite is used in fresh pork and
beef sausages as antimicrobial agents in the United Kingdom and
Australia (Tompkin et al., 1980}.

The legal limit for these compounds

in the United Kingdom is 450 ppm, which is calculated as sulfur
dioxide.

Sulfur dioxide functions as an antioxidant in a variety of

food systems.

Sulfur dioxide, in aqueous solution, forms sulfurous

acid, which inhibits yeast, molds, and bacteria (Fennema, 1976).
use of sulfur dioxide in meat products, cured or uncured, would

The
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require more research to find out its effect on binding, appearance,
and flavor of different types of meat products (Tompkin et al., 1980).
A recent study conducted by Huhtanen (1980), who showed the
effectiveness of alcoholic extracts of spices on
in a culture medium.

f. botulinum growth

It was found that mace (the external coat of the

seed of Myr.istica fragrans), and achiote (annato, Bixa orellena), were
the most inhibitory substances, compared to 33 other spices.

Nutmeg

(the seed of~· fragrans), and white and black pepper (Piper nigrum),
and bay leaf (Laurus nobilis), were also found to be quite effective
inhibitors.

Moreover, Huhtanen (1980) examined aliphatic straight

chain alcohols for their inhibitory effect on
culture medium.

f. botulinum growth in a

Aliphatic, straight chain alcohols of C-14 or C-16

chain-lengths, tetradecanol and hexadecanol, were found to have the
most inhibitory effect.

The value of these spices as anticlostridial

agents in foods has not been demonstrated, but their possible
usefulness in meat systems requires more research (Huhtanen, 1980).
Rayman et al. (1981) suggested nisin as an alternative, or
adjunct to sodium nitrite in preseryation of meats.

Nisin is a

polypeptide antibiotic which is produced by certain strains of Strep.
lactis.

Rayman et al. (1981) showed that 75 ppm nisin was more

effective than 150 ppm nitrite for inhibition of outgrowth of

f. sporogenes PA3679 spores in a heated meat slurry system. Different
kinds of meats were used including minced pork, pork heart, minced
beef, beef heart, and white and dark turkey meat.

The inhibitory

effect of nisin was observed in all except dark turkey meat.
explanation was given for this observation.

No

A combination of nisin,
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at either 75 or 100 ppm, with 40 ppm nitrite, was found to have a
synergistic effect and almost completely prevented outgrowth of the
organism.
cured

~olor

The low level of added nitrite was sufficient to provide a
for the system, which was ·similar to color of those

products cured with 150 ppm nitrite.
Wasserman (1978) reported that more than 200 compounds were
examined for having anticlostridial effect.

Many of them have been

found to be quite effective in the test tube but were unable to
inhibit botulinum toxin formation in meat systems.

Nitrosamines - Safety of Nitrite
N-nitroso compounds, known as nitrosamines, are formed by
reactiOil between secondary or tertiary amines with nitrite.

The

optimum pH for formation of N-nitroso compounds is around 3.0, and the
rate of reaction drops off on either side of this pH.

The kinetics of

the reaction between secondary amines and nitrite has been studied,
and it seems that the reaction is second order in nitrite.
that the rate of

This means

reaction is proportional to the square of the

nitrite concentration (Lijinsky, 1977).
According to Preussmann (1974), organic N-nitroso compounds are
divided into two groups, based on their different chemical
reactivities; these

a~e

nitrosamines and nitrosamides, with the

general formula:
R~
R/

2

N-N=O
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The nitrosamines are chemically stable compounds, and are converted to
reactive metabolites by enzymatic reactions in the mammalian organism.
The nitrosamides are those which usually have an alkyl residue as R1 ,
and an acyl residue as R2 . This group of compounds is chemically
reactive, and are cleaved by hydrolysis, more or less easily, to
produce alkylating diazoalkanes (Preussmann, 1974).
Secondary aliphatic and aromatic and tertiary aromatic amines
react with nitrous acid (H-0-N=O or HONO), which is unstable and must
be prepared in situ from sodium nitrite and hydrochloric acid.
result is formation of a nitroso compound (Schreck, 1975).

The

These

reactions are shown as follows (Morrison and Boyd, 1973)
R

Secondary aromatic
or aliphatic amines

I

Ar-N-N=O
HONO

)

R2-N-N=O
N-nitrosamine

Magee and Barnes in 1956 (Cited by Crosby and Sawyer, 1976)
showed that malignant tumors were developed in almost all the rats
that were fed a diet having 50 ppm N-nitrosodimethylamine.

The

findings were a beginning in learning about the biological activity of
N-nitroso compounds.

One of the first observations indicating

presence of nitrosamines in the environment, came from the outbreak of
a rare liver disease in ruminants and mink in Norway between 1957 and
1962 (Crosby and Sawyer, 1976).

Further study showed that the disease

was correlated to feeding the animals a herring meal, which was
treated with sodium nitrite (Crosby and Sawyer, 1976).

Later, Ender
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et al. (1964) isolated and identified the toxic compound as
N-nitrosodimethylamine.
The major biological effect of N-nitroso compounds is their
carcinogenic activity.

More than 80 out of 100 N-nitroso compounds

tested were found to be more or less potent carcinogens in
experimental animals.

Malignant tumors in laboratory animals have

been found in almost all organs, such as the liver, lungs, kidney,
urinary bladder, stomach, small intestine, brain and the nervous
system (Preussmann, 1974).
Sen et al. (1974) reported the presence of nitrosopyrrolidine,
ranging from 2 to 20 ppb, in fried bacon, which was prepared with 50,
100, 150, and 200 ppm sodium nitrite.

However, it did not form in

fried bacon that was processed without nitrite.

The authors found

that the levels of nitrosopyrrolidine in fried bacon correlated well
with the added levels of nitrite, but not with that of nitrite present
in raw bacon just before frying .

Several other reports also have

indicated presence of nitrosamines, mostly nitrosopyrrolidine, in
fried, but not raw bacon (Fiddler et al., 1974; Pensabene et al.,
1974; Wasserman et al., 1978).

Comparing methods of cooking,

nitrosopyrrolidine formation was not detected in bacon cooked in a
microwave oven (Pensabene et al., 1974).
These findings concerning the presence of nitrosamines in fried
bacon resulted in action taken by the USDA in May, 1978 to reduce
sodium nitrite in bacon to 120 ppm, in combination with 550 ppm sodium
ascorbate (Butler, 1980).
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Cured meats are not the only food products in which nitrosamines
may occur.

Sporadic occurrence of nitrosamines has been reported in

cheese, fish, and beer (Crosby et al., 1972; Scanlan et al., 1980).
Only a small proportion of human nitrite and nitrate intake has
been attributed to cured meats.

White (1975) reported that

four-fifths of the nitrate intake by a U.S. resident originates from
vegetables, and less than one-sixth from cured meat.

Lettuce, celery,

spinach and beets were shown to contain a higher level of nitrate,
compared to other examined vegetables.

Two-thirds of the nitrite

entering the stomach originates in saliva, and a little less than
one-th1rd comes from cured meats.

Vegetables contain little nitrite.

However, vegetables are an indirect source of nitrite, since they
contain nitrate which is reduced to nitrite by bacteria present in
human saliva.
Tannenbaum et al. (1974) showed that human saliva contains
nitrite at a level of 6-10 ppm.

The nitrite level did not appear to

be strongly affected by the composition of a meal.

A major pathway of

nitrite formation was found to be through microbial reduction of
nitrate, which is naturally present in human saliva.

The pH of saliva

is not favorable for nitrosation reaction (Tannebaum et al., 1974).
Mirvish (1970) suggested the possibility of intragastric
formation of dimethylnitrosamine at a level of 3

~g

when a man

consumed a 300 gr meal having 12 mg dimethylamine hydrochloride and 60
mg sodium nitrite.
A study by Tannenbaum et al. (1978) on nitrate balance in humans
has indicated that nitrate and nitrite are formed in vivo in the
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intestine, possibly by heterotrophic nitrification.

Witter et al.

(1981) studied the nitrate balance of germ-free and conventional rats,
in order to find out whether the intestinal flora produces nitrate in
vivo o.r not.

They showed that urinary excretion of nitrate by both

germ free and conventional rats continued, even when no known nitrate
was being ingested.

..

Green et al. (1981) also studied the endogenous synthesis of
nitrate in germ-free and conventional rats.

It was found that nitrate

synthesis occurred at all concentrations of the ingested nitrate in
the germ-free, as well as in the conventional rat.

As a result it was

suggested that nitrate synthesis is independent af the microflora.
The authors are in agreement with Witter et al. (1981) that nitrate
synthesis is a mammalian process.

Although, according to Witter et

al. (1981), neither the organ in which the process occurs is known
yet, nor the the nitrogenous compounds which might act as substrates
for nitrate synthesis.
Nitrite is reported to act as a vasodilator and hypotensive agent
Rubin et al. (1963).

Nitrite in an acid medium and nitric oxide can

destroy 8-carotene in sheep rumen and abomasum juice (Olson et al.,
1963).

The oxidation of hemoglobin to the ferric form (methemoglobin)

by nitrite can be fatal, since the resultant pigment is unable to
carry oxygen. This most often occurs in infants (Crosby and Sawyer,
1976).
Objective
The purpose of this research was to determine the antibotulinal
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effect of two heme iron binding gases, nitric oxide and carbon
monoxide, alone or with the free iron binding salts phytate, oxalate,
or EDTA as substitutes for sodium nitrite in perishable comminuted
pork ham.
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MATERIALS AND METHODS
Product Preparation
~resh

pork legs were boned, trimmed of fat, and then ground

through a 0.64 em plate, using a Hobart grinder.

The meat, in 5-6

pound portions, was placed in 13 x 17 inch polyethylene bags, vacuum
sealed, then frozen at -20°C until needed.
in a refrigerator over night.

The meat was then thawed

About two pound portions were blended

for 90 seconds in a 1 gallon stainless steel Waring blender with 2.5%
sodium chloride, 0.5% dextrose, other salts as needed for the
particular formulation, and about 10% (w/w) distilled water.

The

final product contained 15% added water, based on the final batch
weight.

About 50 ml of water was set aside for dilution and later

addition with the spores.

Sodium nitrite used in formulation of the

control treatment was added at a level of 156 ppm, based on the weight
of the meat.

Sodium phytate, sodium oxalate, or tetra sodium

ethylenediaminetetraacetate (EDTA), as needed, was added at a level of
250 ppm, based on the weight of the meat.

The meat emulsion was

further blended in the presence of NO or CO gas as described in the
following section.

After gassing, the spore suspension (Clostridium

botulinum type A and B in equal numbers) was added to the meat
emulsion at a concentration sufficient t6 give 100 spores per gram
final product.
setting.

Then, final blending was for 90 seconds at low speed

Eighty gram portions of the comminuted meat were packed into

8 x 10 inch air impermeable plastic bags (0.75 mil nylon laminated
with 2.25 mil of 6% ethylene vinyl acetate and 94% polyethylene, Meat
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Packers and Butchers Supply Co., Los Angeles, CA) and vacuum sealed
(29-30 inches Hg with "Vacu-Fresh" Vacuum-chamber machine, Meat
Packers and Butchers Supply Co., Los Angeles, CA).
double . bagged and vacuum sealed as before.

Each sample was

The product was cooked in

a water bath at 70°C for 30 minutes, then cooled in an ice water bath
for 12-15 minutes.

The samples were abused by storage at 27°C.

Samples were removed from the incubator at specified intervals or if
the bag swelled for chemical analyses.
Gas Exposure
The stainless steel blender containing blended meat was evacuated
immediately before introducing the heme binding gas.

The blender lid

was modified by the addition of a stainless steel nozzle (1/8 inch
internal diameter) through which the blender could be evacuated.

Also

added to the lid was a stainless steel male connector (1/8 inch
internal diameter).

The gas flow was monitored from the gas cylinder

by a flowmeter (Union Carbide, Chicago, IL) with a stainless steel
ball.

Stainless steel tubing (1/8 inch internal diameter) extended 4

em into the blender on one end and was connected to the flowmeter at
the other end, using Swage-lock fittings.
Nitric oxide was added to the meat during blending at a flow rate
of 400 cm 3/minute for 30 seconds. Based on the results of pilot
studies it was found that addition of NO at this rate provided a
product with good cured color and a residual nitrite content of
150-160 ppm, immediately after cooking.

Exposure for longer times

yielded increasingly higher residual nitrite levels.

Exposure to NO
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for l minute or more at this flow rate resulted in excessive pigment
oxidation and the formation of brownish-green pigments after cooking.
Reith and Szakaly (1967b) reported similar results.

They found that 5

moles .nitrite per mole myoglobin was sufficient for stable cured meat
color.

Nitrite at 500 moles per mole myoglobin, or greater, reduced

NO-myoglobin formation, and inGreased the formation of green oxidized
pigments.
Exposure of the meat to CO gas for 1 minute at a flow rate of 450
cm 3/minute was sufficient for good (pink) color in the uncooked
product.

Upon cooking, however, the meat turned brown.

Subsequent CO

treatments were exposed to CO for 3 minutes at the same flow rate
during blending, to insure adequate formation of CO-myoglobin.
Preparation of Inoculum
C. botulinum type A (ATCC 19397) and type B (ATCC 17843) spores
were obtained from American Type Culture Collection, Rockville,
Maryland.

Chopped liver broth was prepared as follows:

500 g beef

liver were ground in water, heated to boiling, then left to simmer for
1 hour.

After cooling, the pH was adjusted to 7.0, and again boiled

for 10 minutes.

The liver was then filtered through cheesecloth,

pressing out and collecting the excess liquid along with the filtrate.
Ten grams of peptone, 1 g K2HP0 4 , and 1 g soluble starch were added to
the filtrate. The pH was adjusted to 7.0, and the volume was brought
to 1 liter with distilled water.
coarse filter paper.

The preparation was filtered through

Chopped liver pieces (t-1 inch) were added to 20

mm culture tubes; then 10-12 ml of the broth was added.

The
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preparation was autoclaved at 12l°C for 15 minutes (Post, 1977).
The type A and B spores were propagated separately, as follows.
The freeze dried spores from ATCC were transferred in 0.3-0.4 ml of
liquid. medium with a Pasteur pipette to a test tube of chopped liver
broth and incubated at 35°C until growth was evident (about 7 days).
One ml portions of broth were transferred to each of 5 more tubes of
chopped liver broth, and again incubated at 35°C for 7 days.

The

broth from each tube was aseptically pooled in a sterile polystyrene
centrifuge tube and centrifuged at 3000 G for 15 minutes.

The

supernatant was decanted and the vegetative cell sediment was
resuspended in the sporulation media of Schmidt and Nank (1960).
The sporulation media was prepared by addition of 50 g tryptone
and 5 g peptone to 1 liter distilled water.

The pH was adjusted to

7.0, then the solution was autoclaved at 12l°C for 15 minutes.

Just

prior to inoculation, each bottle of medium (100 ml) received 1.0 ml
of 10% sodium thioglycollate, to remove oxygen, followed by a 5
minutes sterilization at 12l°C.
After allowing 1 week at 35°C for spore formation, the
suspensions were heat shocked at 80°C for 15 minutes to inactivate
toxin and activate the spores (Christiansen et al., 1973).

Spore

suspensions were centrifuged at 3000 G for 15 minutes, the media
decanted, and the spores were resuspended in sterile water.
Spore counts were determined by making appropriate dilutions in
0.1 % peptone water and plated on anaerobic egg agar (Post, 1977).
prepare peptone water diluent, 1 g peptone was dispersed in 1 liter
distilled water, and the pH was adjusted to 6.8.

The solution was

To
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dispensed into dilution blanks, in sufficient quantity to allow for
loss during autoclaving at 12l°C for 15 minutes.
To prepare anaerobic egg agar, eggs were first washed, drained,
soaked _in 70% alcohol for 10-15 minutes, then air dried.

The eggs

were cracked aseptically, the yolks removed and mixed with an equal
volume of 0.9% sterile saline.

In a separate container, 5 g yeast

extract, 5 g tryptone, 20 g proteose peptone, 5 g sodium chloride, 1 g
sodium thioglycollate, and 20 g agar were dissolved in 1 liter
distilled water.

The pH was adjusted to 7.0, dispensed into

erlenmeyer flasks, and sterilized at 12l°C for 15 minutes.

After

cooling to 45-50°C, 80 ml of the egg yolk emulsion was added, mixed
throughly with the agar solution, and the plates were poured
immediately.
The plates, inoculated with spores, were incubated anaerobically
at 35 °C for 48

±

1 hr. in a polycarbonate jar with a hydrogen and

carbon dioxide generator (Gas Pak, Becton, Dickinson and Co.,
Cockeysville, Md.). It was found that the stock suspensions contained
9.6 x 10 6 and 4.7 x 10 5 types A and B spores, respectively. Depending
on the weight of the meat 1.2 or 1.5 ml of a l/100 dilution of the
type A spores, and 1.9 or

2~2

ml of a l/10 dilution of the type B

spores were adequate to provide the target level of 100 spores/g meat.
Since these volumes were small, the spores were diluted to 50 ml with
distilled water prior to addition to the meat, to obtain better mixing
of the spores during blending.
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Experimental Design
In this experiment, ten treatments were compared.

All treatments

were formulated to contain 2.5% salt, 0.5% dextrose, 15% water, and
100 botulinal spores/g meat, as previously described.

The treatments

were:
1.

The basic uncured formulation, consisting of meat, salt, dextrose,
water and spores.

2.

The basic formulation with

3.

NO gas treatment.

4.

NO + 250

~g

EDTA/g of meat.

5.

NO + 250

~g

oxalate/g of meat.

6.

NO + 250

~g

phytate/g of meat.

7.

CO gas treatment.

8.

CO + 250

~g

EDTA/g of meat.

9.

CO+ 250

~g

oxalate/g of meat.

10.

CO + 250

~g

156~g

sodium nitrite/g of meat.

phytate/g of meat.

For all treatments, 25 bags of sample were prepared for a
swelling test; and 2 bags were prepared and used for chemical analyses
immediately before and after cooking.

For treatments with nitrite or

NO, another 7 bags were prepared and stored at 27°C.

One bag was

removed every other day during a 14 day period for nitrite, heme
pigment, and iron analyses.

Bags were checked daily for swelling.

Upon swelling, bags were removed from incubator and either tested
immediately or frozen at -20°C for later determination of nitrite,
nitroso and total pigment, total and soluble iron and presence of
botulinal toxin.
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Nitrite Analysis
Nitrite was determined spectrophotometrically (AOAC, 1980).

The

following reagents and materials were prepared.
a)

NED REAGENT.

Dissolve 0.2 g N-(1-naphthyl) ethylenediamine.2HC1

in 150 ml 15% (v/v) acetic acid.

Filter if necessary and store in

a brown glass bottle.
b)

Sulfanilamide reagent.
acetic acid.

Dissolve 0.5 g sulfanilamide in 150 ml 15%

Filter if necessary and store in a brown glass

bottle.
c)

Stock solution, 1,000 ppm NaN0 2.
Dissolve 1 g sodium nitrite in water and dilute to 1 liter.
Nitrite standard solutions.

Intermediate solution, 100 ppm sodium nitrite.
stock solution to 1 liter with water.
sodium nitrite.

Dilute 100 ml of

Working solution, 1 ppm

Dilute 10 ml of intermediate solution to 1 1 with

water.
d)

Filter paper.

Test for nitrite contamination by analyzing 3-4

sheets at random in the box.
each sheet.

Filter about 40 ml of water through

Add 4 ml sulfanilamide reagent, mix, let stand for 5

minutes, add 4 ml NED reagent, mix, then wait 15 minutes.

If any

sheets are positive, discard the entire box.
Weigh 5 g finely comminuted and throughly mixed sample into a 50
ml beaker.

Add about 50 ml of water heated to 80°C.

Mix with a glass

rod, breaking up all lumps, and transfer to a 500 ml volumetric flask.
Wash the beaker and rod with successive portions of the hot water,
adding all washings to the flask.

Add enough hot water to bring the

67

volume to about 300 ml, place the flask in a steam bath for 2 hours
Cool to room temperature, dilute to volume

with occasional shaking.
with water, and remix.

Filter through 2 layers of the tested filter

paper .. Add 2.5 ml sulfanilamide reagent to an aliquot containing 5-50
~g

sodium nitrite in a 50 ml volumetric flask, and mix.

After 5

minutes, add 2.5 ml NED reagent, mix, dilute to volume, mix, and let
color develop for 15 minutes.

Transfer a portion of the solution to a

photometer cell and determine the absorbance at 540 nm against a blank
of 45 ml water, 2.5 ml sulfanilamide reagent, and 2.5 ml of NED
reagent.
Determine the nitrite concentration by comparison with a standard
curve prepared as follows.

Add 10, 20, 30 and 40 ml of the nitrite

working solution to 50 ml volumetric flasks respectively, then add the
sulfanilamide and NED reagents as previously described.

The standard

curve is a straight line to 1 ppm sodium nitrite in the final
solution.

It is common practice in the meat industry to describe

sodium nitrite concentration with the term ''nitrite".
nitrite is understood to be 5 ppm sodium nitrite.

Thus 5 ppm

Chemically, this

terminology is correct if ppm is interpreted such that 1 ppm sodium
nitrite produces 1 ppm N0 ion upon dissociation. If ppm is defined
2
as mg/kg, then 156 ppm nitrite (sodium nitrite) would yield only
104.52 ppm dissociated N0

2 ion in the product.
Meat Pigments

Nitroso and total heme pigments were determined by the method of
Hornsey (1956), as modified by Kramlich et al. {1973).

The following
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reagents were prepared.
1.

acetone a.
flask.

2.

Place 90 ml distilled water in a 1 liter volumetric

Bring to volume with acetone, then mix.

acetone b.

Mix water with 20 ml concentrated HCl and bring to 100

ml volume.

Transfer the diluted HCl to a 1 liter volumetric

flask, add acetone, mix, and bring to volume with acetone.
The following steps were conducted in subdued light to lessen
pigment fading.
tube.
rod.

Weigh 2.0 g sample into a 50 ml polystrene centrifuge

Add 9.0 ml acetone a, and macerate 2-3 minutes with a glass
Stopper the tube with centrifuge tube cover, mix,

l~t

stand for

10 minutes, then filter through 2 Whatman #42 filter papers into a
test tube.

Transfer the filtrate into a 1 em cuvette and read the

absorbance within 1 hour at 540 nm.

Calculate as nitroso pigment.

Prepare another 2.0 g sample with 9.0 ml acetone b.
let stand for 1 hour before filtering into a test tube.
absorbance at 640 nm, and calculate as total pigment.
pigment

A540 x 290. The ppm total pigment
nitroso pigment
% conversion = ppm
ppm total pigment x 100
=

=

Macerate and
Read the

The ppm nitroso

A640 x 680.

Total Iron
Samples of 3-5 g of meat were weighed into tared crucibles and
ashed in a muffle furnace at 550°C for 48 hours.

The ash was

solublized in 5 ml of 6N HCl, diluted to 25 ml, then analyzed for iron
content by atomic absorption spectrophotometry at 2483 Angstroms
( Fa rme r e t a1 . , 1977 ) .
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Soluble Iron
A sample of 5.0 g of meat was weighed into a 50 ml polystyrene
centrifuge tube, macerated with a glass rod, then diluted with 20 ml
demineralized water.
stand for 1 hour.

The sample was shaken vigorously and left to

After centrifuging for 15 minutes at 3,000 G, the

fat was skimmed off, and the iron was analyzed by atomic absorption
spectrophotometry at 2483 Angstroms (Farmer et al., 1977).
Toxin Assays
The first five bags to swell from each treatment were tested for
botulinal toxin, as were selected unswollen bags.

C. botulinum toxin

has been detected in meats vacuum-packaged in air-impermeable plastic
pouches (Pivnick and Bird, 1965).

The procedure for toxin testing was

adapted from the Food and Drug Administration Bacteriological
Analytical Manual (Kautter and Lynt, 1978).

First, 2.0 g gelatin and

4.0 g disodium phosphate (Na 2HP0 4 ) were dissolved in 1 1 water, with
gentle heat, then sterilized at 12l°C for 20 minutes. The final pH
should be 6.2.

Samples of 5.0 g were homogenized with 10 ml of gel

phosphate buffer in a sterile polypropylene centrifuge tube, using a
sterile glass rod.
minutes.
a 0.2

~m

The slurry was centrifuged at 3,000 G for 15

The supernatant was filter sterilized (1.5-2.0 ml) using
pore size filter unit (Sybron/Nalge, Rochester, New York).

The filtrate was stored at -20°C until time of use (approximately 1
week).

Botulinal toxin from cooked meat is not destroyed by repeated

freezing and thawing of filtrate (Pivnick and Bird, 1965).
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After thawing, 0.5 ml of filtrate was injected intraperitoneally
into a 17-20 g Swiss white mouse and another mouse was injected with
0.5 ml of boiled filtrate (100°C for 10 min.).

A third mouse was

injected with 0.5 ml of type AB antitoxin (1 IU/0.5 ml), obtained from
the Center for Disease Control, Atlanta, Georgia.

After t hour, the

third mouse received a second injection of unboiled filtrate.

All

mice were observed for botulism symptoms for 72 hours after injection.
Botulinal toxin presence was confirmed by death of the unprotected
mouse and survival of the mice that received antitoxin or boiled
toxin.
Microscopic Examination of Microbes with the Gram Stain
A number of swollen bags did not contain toxin.

Some of these

samples were plated on anaerobic egg agar as described previously, and
individual colonies were microscopically examined with the Gram stain
technique (FDA, 1978).

Botulinal

as Gram positive (purple) rods.
a)

Crystal violet.

organism~,

if present, should appear

The following reagents were prepared.

Mix 0.8 g ammonium oxalate with 80 ml water.

Mix

with 2 g crystal violet dissolved in 20 ml of 95% ethyl alcohol.
b)

Iodine.

Mix 1 g iodine and 2 g potassium iodide with 300 ml

water.
c)

Alcohol. Mix 80 ml of 95% ethyl alcohol with 20 ml acetone.

d)

Safranin.
alcohol.

Dissolve 2.5 g of safranin 0 in 100 ml of 95% ethyl
Dilute 10 ml of this solution with 100 ml water.

Procedure:
slide.

Smear a portion of a single colony on a microscope

Cover the smear with crystal violet solution fort to 1
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minute.

Rinse with water, then cover the smear with iodine solution

for 1 minute.

Rinse with water.

Blot off excess water, hold the

slide over the sink and let acetone-alcohol flow evenly over the smear
for about 10 seconds.
almost dry.

Do not overdo this step.

Rinse again and blot

Counterstain with safranin for t minute, rinse, blot dry

and examine under the microscope.
Most Probable Number (MNP) Estimation of Vegetative
Cell and Spore Numbers
The number of viable botulinal organisms in swollen but non-toxic
bags was determined by the most probable number (MPN) technique (FDA,
1978).

The dilution blanks of 0.1% peptone water were prepared as

previously described.

The modified peptone colloid broth was prepared

as described by Greenberg et al. · (l966b).
Modified peptone colloid broth: use gentle heat to dissolve 20 g
tryptone, 5 g sodium chloride and 1 g agar in 1 liter of water.
Adjust the pH to about 7.3.

Add 1 g dextrose, 0.2 g ferrous sulfate,

and 0.3 g sodium thiosulfate, and stir.

Transfer the broth in 10 ml

portions to test tubes and autoclave at 12l°C for 15 minutes.
Eleven grams of the sample were homogenized in a sterile blender
with 99 ml of 0.1% peptone water, for a 10-l dilution. The sample was
further diluted to 10- 2 and 10- 3 . From each dilution bottle, 1 ml was
transferred to each of 3 tubes of modified peptone colloid broth, for
a total of 9 tubes.

This was repeated for another set of 9 tubes

after the prepared dilutions were heat shocked at 80°C for 15 minutes
to kill vegetative cells.

All tubes were incubated at 37°C for 1

week, then observed for a yellow to black color change of the media,
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along with a putrid odor, indicative of growth.

Growth in the tubes

containing heat shocked samples was due to spores.

Estimation of the

number of organisms present was made by use of MPN tables for the
appropriate dilutions (FDA, 1978).
Statistical Analyses
Data for rate of swelling, nitrite, nitroso and total pigments
were analyzed by two-way analysis of variance with and without
covariates (Ostle and Mensing, 1975).

Least significant difference

(LSD) values were also computed (Ostle and Mensing, 1975).

Mean

differences must equal or exceed the LSD values to be statistically
significant.
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RESULTS AND DISCUSSION
Comparison of Bag Swelling Rate Among Treatments
Significant differences in the rate of swelling were observed
among treatments (Chi-square test) (Ostle and Mensing, 1975).

The

control treatment formulated with only salt and dextrose swelled very
rapidly (Figure 1).

All 25 bags were swollen by day 6 of storage.

This is similar to the results of Tompkin et al. (1977).

Samples made

with CO also swelled significantly more rapidly than NO or sodium
nitrite treated samples (Figure 1-2).

The addition of iron binding

salts along with CO did not result in botulinal inhibition.

All CO

treated samples were also swollen by day 6 of storage at 27°C (Figure
3).

Formulation of meat with sodium nitrite or NO caused a
significant inhibition of the rate of bag swelling (Figure l-2).

The

product formulated with sodium nitrite did not begin swelling until
day 8 of storage.
storage (Figure 1).

Eleven bags remained unswollen after 110 days of
The meat treated with NO or NO and EDTA exhibited

a pattern of swelling very similar to that of the sodium nitrite
treated samples (Figure 4).
Meat formulated with NO and oxalate or phytate had a
significantly slower swelling rate than the other treatments . . For
both treatments, at least 18 of 25 bags were unswollen after 110 days
storage (Figure 4).
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Figure 1. Effect of sodium nitrite (156 ppm) on rate of swelling

of vacuum-packed bags of comminuted pork ham inoculated
with c. botulinum spores (100/g), and incubated at 27°C.
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Effect of nitric oxide and carbon monoxide on rate of
swelling of vacuum-packed bags of comminuted pork ham
inoculated with C. botulinum spores (100/g), and
incubated at 27°C.
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spores (100/g), and incubated at 27°C. -
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Toxin Test
The first five swollen bags in each treatment were taken for
toxin determination.

It was found that swelling was not always

associated with the presence of botulinum toxin (Table 1).

Growth of

Clostridium spp. which are responsible for the putrefactive
decomposition of proteins is associated with production of several
compounds which often caused unpleasant odors.

Gases such as H2S,
co 2 , and H2 are among the products (Stanier et al., 1976). Formation
of the gases can cause swelling of the bag or cans. However, gas
production is not a reliable indication of the presence of botulinal
toxin in a food product (Frazier and Westhoff, 1978).

In fact only 38

swollen bags out of 50 (76%) were confirmed to be toxic.

Working with

canned comminuted cured meat, Christiansen et al. (1973) also found
that not all swollen cans were toxic.
Microbial Examination of Samples from Swollen, Nontoxic Bags
Colonies isolated on anaerobic egg agar from swollen, nontoxic
bags were Gram stained to confirm the presence or absence of botulinal
organisms.

Gram positive cocci were found in 4 of the 12 nontoxic

swollen bags.

One nontoxic sample contained long, Gram positive rod

organisms which were not the same as the shorter, Gram positive rods
isolated from toxic samples (Table 2).

Five of the 12 nontoxic,

swollen bags did contain short, Gram·positive rods characteristic of
botulinal organisms.
of lactobacilli.

The long Gram positive rods may be some strains

Tompkin et al. (1978a) found that excessive levels
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Table 1.

Effect of treatment on botulimum toxin formation in
vacuum-packed bags of comminuted pork ham inoculated with C.
botulinum spores (100/g), and incubated at 27°C.
-

Treatment

Days unti 1
Swelling

No. of Toxic Bags/
No. of Bags Tested

no additive

5

5/5

NaN0 2

8

2/5

NO

11

4/5

NO + EDTA

10

5/5

NO + Phytate

19

1/5

NO+ Oxalate

10

2/5

3

4/5

+ EDTA

4

5/5

+ Phytate

4

5/5

CO+ Oxalate

4

5/5

co
co
co
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Table 2.

Estimated numbers of vegetative cells and spores in swollen,
nontoxic samples.

Treatment

Sample
Number

MPN Index Per 9
Spore
Total Cell
Count
Count

Gram
Stain

2-1
2-13
2-24

~2400

<3
4
<3

NO

3-2

>-2400

>-2400

G+' rod

NO + Phytate

5-4
5-5
5-10
5-24

<3
>-2400
>.2400

<3
1100
>-2400
240

G+' rod
G+' rod
G+' cocci

6-10
6-12
6-21

~2400
~2400

<3
>.2400
>,2400

G+' cocci
G+' rod
G+' rod

7-26

. >,2400

4

NaN0 2

NO + Oxalate

co

aTest was not conducted.

43
240

~2400

<3

G+' cocci
G+' cocci
a

G+' long
rod
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of thermoduric lactobacilli could survive heat processing and their
presence may be antibotulinal.
Most Probable Number (MPN) Estimation of Vegetative Cell and Spore
Numbers in Samples from Swollen, Nontoxic Bags
Bags containing Gram positive cocci as previously determined by
Gram stain usually did not contain heat resistant spores, since only
the microorganism in one of four samples survived heat shock in MPN
procedures (Table 2).

The long, Gram positive rods also did not

survive heat shock, but the short, Gram positive rods did survive
indicating the presence of heat resistant spores.

The five nontoxic

samples containing short, Gram positive rods, vegetative cells, also
contained heat resistant spores, characteristic of botulinal organisms
(Table 2).

Perhaps these samples contained botulinum toxin, but the

dilutions of the prepared supernatant (toxin) were too high to kill
the mice (Kautter and Lynt, 1978).
Effects of CO on C. botulinum Gas and Toxin Production
As mentioned earlier CO alone or with iron binding salt was
ineffective in inhibiting

f. botulinum gas and toxin production. This

lack of effectiveness may due to loss of the absorbed CO by the meat
particles during cooking and subsequent storage.

A bright red color

was observed in the fresh meat when first exposed to CO.

This was due

to the formation of carboxymyoglobin (Watts, 1954) with a visible
spectral characteristic very similar to that of oxymyoglobin
(Livingston and Brown, 1981).

However, after cooking the color of the

product turned brown, very similar to the color of cooked, uncured
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meat.

Denatured metmyoglobin is the brown pigment of cooked meat. Gee

and Brown (1978) reported that the rate of loss .of carboxymyoglobin in
ground meat exposed to an atmosphere containing CO was about equal to
the rate of metmyoglobin formation. Using 14 co, Watts et al. (1978)
reported a 85% reduction in the total CO content of ground meat after
cooking.

Thus, CO may not be antibotulinal simply because it is lost

during cooking.
Loss of botulinal inhibition in the product made with CO may also
be due to the inability of this gas to inhibit activity of bacterial
iron containing enzymes.

Mortenson et al. (1963) found that CO did

not inhibit the activity of ferredoxin or pyruvic dehydrogenase in C.
pasteurianum.
Residual Nitrite in Samples Treated with NO Gas
Residual nitrite, nitroso heme and total heme pigment levels were
determined on unswollen bags every 2 days for 2 weeks of storage, and
also on day 110 on any remaining unswollen bags (Table 3-7).

These

same measurements were also made at the time of swelling, for swollen
bags (Table 8-12).

During preliminary tests it was found that nitrite

was present in all samples treated with NO.
formed even when NO is bubbled through water.

In fact, nitrite is
Ingram (1974) stated

that nitrite represents one step in a biochemical oxidation-reduction
chain, potentially reversible, and extending from nitrate to ammonia.
Thus, it is to be expected that a number of compounds, including

nitrite, nitrate, and nitrous acid will be found in systems treated
with NO .. ·
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Table 3.

Days
at
27°C

Residual nitrite, nitroso heme, and total heme pigment in
unswollen, vacuum-packed bags of comminuted pork ham
processed with sodium nitrite, inoculated with C. botulinum
spores (100/g), and incubated at 27°C.
-

Total
NO-heme
NO-heme Total heme heme
Nitrite
pigment
pigment
iron
iron
(J.!g/g) (J.lg hematin/g) (J.!g/g) (J.lg hematin/g) (J.!g/g)

% conversion
(NO-heme/
total
hemexlOO)

l40a
0
before
cooking

10

1

66

6

15

140
0
after
cooking

42

4

59

5

71

90

51

4

82

6

62

2
4

74

40

4

70

6

57

6

61

35

3

67

6

52

8

49

57

5

86

8

66

10

44

50

4

76

7

66

12

39

46

4

73

6

63

14

lb

54

5

63

6

86

110

0

48

4

72

6

67

aAll values are an average of triplicate samples from one bag.
bMeat was somewhat proteolyzed and had cheesy odor, but good cured
color.

84

Table 4.

Days
at
27 °C

Residual nitrite, nitroso heme, and total heme pigment in
unswollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide, inoculated with C. botulinum
spores (100/g), and incubated at 27°C.

Nitrite
(~g/g)

(~g

NO-hem'e
NO-heme
pigment
iron
hematin/g) (~g/g)

Total heme
pigment
hematin/g)
(~g

Total
heme
iron

(~g/g)

% conversion
(NO-heme/
total
hemexlOO)

9la
0
before
cooking

34

3

111

10

31

82
0
after
cooking

73

6

102

9

72

2

82

57

5

90

8

63

4

74

50

4

84

7

60

6

55

66

6

82

7

80

8

45

71

6

84

7

85

10

33

66

6

81

7

81

12

27

69

6

98

9

70

14

27

58

5

88

8

66

110

6

64

6

92

8

70

aAll values are an average of triplicate samples from one bag.
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Tabl~

Days
at
27°C

5.

Residual nitrite, nitroso heme, and total heme pigment in
unswollen, vacuum-packed bags of communited pork ham
processed with nitric oxide and EDTA, inoculated with C.
botulinum spores (100/g), and incubated at 27°C.
-

Total
NO-heme Total heme
heme
NO-heme
pigment
iron
pigment
iron
Nitrite
(11g/g) ( 11g hematin/g) (11g/g) (11g hematin/g) (11g/g)

93a
0
before
cooking

9

0
56
after
cooking

31

2

70

4

% conversion
(NO-heme/
total
hemexlOO)

57

5

16

3

66

6

47

36

3

73

6

49

56

30

3

62

5

48

6

46

38

3

70

6

54

8

37

34

3

56

5

61

10

0

37

3

56

6

66

12

49

36

3

58

5

62

14

23

39

3

51

5

76

11 0

0

40

4

61

5

66

aAll values are an average of triplicate samples from one bag.
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Table 6.

Days
at
2]CC

Residual nitrite, nitroso heme, and total heme pigment in
unswollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide and phytate, inoculated with C.
botulinum spores (100/g), and incubated at 27°C.
-

Total
heme
NO-heme
NO-heme Total heme
pigment
pigment
iron
Nitrite
iron
(llg/g) (llg hematin/g) (llg/g) (llg hematin/g) (llg/g)

% conversion
(NO-heme/
total
hemexlOO)

144a
0
before
cooking

10

1

51

5

20

130
0
after
cooking

31

3

54

5

57

2

108

29

3

55

5

53

4

85

35

3

60

5

58

6

4

39

3

52

5

75

8

3

32

3

52

5

62

10

3

34

3

50

4

68

12

40

34

3

49

4

69

14

4

27

2

51

5

53

110

0

40

4

66

6

61

aAll values are an average of triplicate samples from one bag.
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Table 7.

Days
at
27°C

Residual nitrite, nitroso heme, and total heme pigment in
unswollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide and oxalate, inoculated with C.
botulinum spores (100/g), and incubated at 27°C.
-

Nitrite
(~g/g)

(~g

Total
NO-heme
NO-heme Total heme heme
pigment
iron
pigment
iron
hematin/g) (~g/g) (~g hematin/g) (lJg/g)

146a
0
before
cooking

10

143
0
after
cooking

37

2

107

4

% conversion
(NO-heme/
total
hemexlOO)

79

7

13

3

60

5

62

46

4

73

6

63

50

40

4

61

5

66

6

16

46

4

56

5

82

8

59

42

4

62

5

68

10

48

35

3

64

6

55

12

3

37

3

62

5

60

14

44

38

3

62

5

61

110

2

44

4

77

7

57

aAll values are an average of triplicate samples from one bag.

88

Table 8.

Days
at
2rc

Residual nitrite, nitroso heme, and total heme pigment in
swollen, vacuum-packed bags of comminuted pork ham processed
with sodium nitrite, inoculated with C. botulinum spores
(100/g), and incubated at 27°C.
-

Total
NO-heme
NO-heme Total heme
heme
pigment
iron
pigment
iron
Nitrite
(J.Jg/g) (J.Jg hematin/g) (J.Jg/g) (J.lg hematin/g) (J.lg/g)

% conversion
(NO-heme/
total
hemexlOO)

8

3a

48

5

64

6

76

9

3

42

4

65

6

65

11

4

47

4

66

6

71

12

4

39

3

55

5

71

20

3

41

4

75

6

55

22

4

42

4

74

7

57

27

3

37

4

59

6

62

42

2

47

4

69

6

68

44

3

47

4

58

5

81

46

3

47

4

60

5

78

aAll values are an average of triplicate samples from each swollen bag.
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Table 9.

Days
at
27°C

Residual nitrite, nitroso heme and total heme pigment in
swollen vacuum-packed bags of comminuted pork ham processed
with nitric oxide, inoculated with C. botulinum spores
(100/g), and incubated at 27°C.
-

Nitrite
(~g/g)

(~g

Total
NO-heme
NO-heme Total heme heme
pigment
iron
pigment
iron
hematin/g) (JJg/g) (JJg hematin/g) (JJg/g)

% conversion
(NO-heme/
total
hemexlOO)

11

2a

59

5

98

9

60

12

2

53

5

85

7

62

14

2

67

6

102

9

66

19

3

56

5

79

7

71

21

2

74

7

93

8

80

23

3

58

5

80

7

72

26

3

58

5

89

8

65

30

3

50

4

74

7

68

32

4

53

5

77

7

69

33

3

54

5

74

7

64

37

3

62

6

78

7

79

66

4

49

4

84

7

58

aAll values are an average of triplicate samples from each swollen
bag.
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Table 10.

Residual nitrite, nitroso heme and total heme pigment in
swollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide and EDTA, inoculated with C.
botulinum spores (100/g) and incubated at 27°C.
-

% conDays
at
27°C

Nitrite
(~g/g)

(~g

NO-heme
NO-heme
pigment
iron
hematin/g) (~g/g)

Total heme
pigment
hematin/g)
(~g

Total
heme
iron
(~g/g)

version
(NO-heme/
total
hemexlOO)

10

3a

31

3

50

4

62

11

3

31

3

56

5

55

12

4

33

3

63

6

53

14

2

26

2

54

5

48

16

5

38

3

62

5

61

18

7

32

3

54

5

59

21

3

23

2

57

5

40

22

2

43

4

71

6

61

26

4

45

4

57

5

79

35

9

28

3

55

5

51

37

5

43

4

60

6

72

45

3

39

3

68

6

57

54

7

30

3

61

5

49

63

0

33

3

55

5

60

89

0

41

4

66

6

62

aAll values are an average of triplicate samples from each swollen
bag.
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Table 11.

Days
at
2JOC

Residual nitrite, nitroso heme and total heme pigment in
swollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide and phytate, inoculated with C.
botulinum spores (100/g) and incubated at 27°C.
-

Nitrite
(~g/g)

(~g

NO-heme
NO-heme
pigment
iron
hematin/g) {~g/g)

Total heme
pigment
(~g hematin/g)

Total
heme
iron

% conversion
(NO-heme/
total
hemexlOO)

(~g/g)

19b
35

5a

37

3

56

5

66

43

3

35

3

59

5

59

49

2

42

4

55

5

76

52

0

42

4

64

6

66

84

4

44

4

66

6

67

aAll values are an average of triplicate samples from each swollen
bag.
bOne bag was swollen.
were not conducted.

This bag was photographed and chemical analyses
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Table 12.

Days
at
27°C

Residual nitrite, nitroso heme, and total heme pigment in
swollen, vacuumed-packed bags of comminuted pork ham
processed with nitric oxide and oxalate, inoculated with C.
botulinum spores (100/g) and incubated at 27°C.
-

Total
NO-heme
NO-heme Total heme heme
Nitrite
pigment
iron
pigment
iron
(11g/g) (11g hematin/g) (11g/g) (119 hematin/g) (11g/g)

% conversion
(NO-heme/
total
hemexlOO)

10

4a

44

4

61

5

72

14

4

44

4

65

6

68

28

4

45

4

68

6

68

33

5

45

4

61

5

74

52

6

42

4

59

5

71

aAll values are an average of triplicate samples from each swollen
bag.
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In most treatments, residual nitrite decreased only slightly due
to cooking.

However, nitrite levels decreased rapidly upon storage at

27°C, reaching levels below 40 ppm after 14 days (Table 3-7).

This is

in agreement with previous work of Greenberg (1972) and Christiansen
et al. (1973).

Although some variations in nitrite depletion rate

were detected among treatments, these differences were not
statistically significant (Tables 13, 16 and 17).
Even within treatments, variations in residual nitrite level in
unswollen bags were observed.

For example, meat processed with NO and

EDTA contained no nitrite after 10 days of storage, but bags from the
same treatment contained 49, and 23 ppm nitrite at days 12, and 14
respectively (Table 5).

Variability of residual nitrite values in an

uninoculated sample, prepared similarly, but with sodium nitrite as
the curing agent, has been reported by Collinge (1981).

No

explanation for the observed variability in residual nitrite levels of
unswollen bags is apparent.

Certainly, poor blending could lead to

uneven distribution of ingredients, spores, or heme pigments among
bags, thus influencing nitrite depletion rate.
was taken to insure through blending.

However, great care

The variability in residual

nitrite may explain why some bags within a treatment swelled, and
others did not.
Relationship of Residual Nitrite Levels to Rate of Bag Swelling
Residual nitrite in all swollen bags was below 10 ppm (Table
8-12).

However, some unswollen bags also contained low residual

nitrite, especially those unswollen bags remaining after 110 days
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Table 13.

Comparison of estimated means of selected variables by
treatment (only treatments containing sodium nitrite or
nitric oxide).

Nitrite
Treatment

(~g/g)

NO-heme
pigment
(~g hematin/g)

Total heme
% conversion
pigment
(NO-heme/total
(~g hematin/g) hemexlOO)

NaN0 2

29.2la

45.12b

68.35b

66.5la

NO

25.38a

60.69a

85.76a

70.28a

NO + EDTA

20.6la

35.19c

60.58cd

58.44b

NO + Phytate 22.34a

36. 72c

57.17d

64.29ab

NO + Oxalate 28.47a

42.36b

63.89bc

66.89a

Values in the same column with the same letter superscript are not
significantly different at p = 0.05 (LSD test).
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Table 14.

Comparison of estimated means of selected variables by
swelling (only treatments containing sodium nitrite or
nitric oxide).

Nitrite
(1Jg/g)
Unswollen
bags
Swollen
bags

NO-heme
Total heme
% Conversion
pigment
pigment
NO-heme/total
(lJg hematin/g) (lJg hematin/g) hemexlOO)

47.00a

44.09a

68.00a

64.36a

3.40b

43.94a

66.30a

66.2la

Values in the same column with the same letter superscript are not
significantly different at p = 0.05 (LSD Test).

Table 15.

Comparison of estimated means of selected variables by treatment x swelling interaction (only
treatments containing sodium nitrite or nitric oxide).

Nitrite
(~g/g)

Treatment

NO-heme
pigment
{~g hematin/g)

Total heme
pigment
{~g hematin/g)

% Conversion
(No-heme/
total hemexlOO)

b
47.00bf
43.23

65.56abe
67.46ce

63.78a
57.60e

b
72.00f
64.69
a
88.11 e
83.40a

35.67cdh
34. 72gh

61.44cg
59.72fg

58.78bg
58.lldg

NaN0 2

unswollen
swollen

NO

unswollen
swollen

NO

unswollen
swollen

a
55.33b
3.08
a
47.89b
2.87
a
37.44b
3.78

unswollen
swollen

41.89b
2.80

a

d
33.44f
40.00 g

54.33fd
60.00

bh
61.78cdh
66.80

unswollen
swollen

a
52.44b
4.50

ci
40.56fi
44.17

ch
64.11 fh
63.67

63.78a~i
70.00Cl

+

af
71.89cf
68.67

EDTA
NO
+

.d

Phytate
NO
+

Oxalate
Values in the same column with the same letter superscript are not significantly different at p
(LSD Test).

=

0.05

\.0
0"1

Table 16.

Two-way analysis of variance of selected variables in treatments containing sodium nitrite or
nitric oxide.

Nitrite
Source of
variation

d. f.

Treatment

4

276.30

Swelling

1

42372.09

Treatment

4

283.61

92

711 .81

M.S.

F-ratio
0.39
59.53*
0.40

NO-heme

Total heme

~igment

~igment

% Conversion
NO-heme/total hemexlOO)

M.S.

F-ratio

M.S.

F-ratio

H.S.

F-ratio

2205.27

63.95*

2539.66

49.76*

440.76

5. 72*

0.47
ll2 .84

0.01

64.72

1.27

76.49

0.99

3.27*

95.91

1.88

67.78

0.88

X

Swelling
Error

*Significant at p

=

34.48

51.04

77.08

0.05.

\D

........

Table 17.

Two-way analysis of covariance of selected variables in treatments containing sodium nitrite or
nitric oxide.

Nitrite

NO-heme

Total heme

~igment

~igment

Source of
variation

d. f.

M.S.

Treatment

4

267.84

0.48

Swelling

1

6211.23

11.09*

1.57

0.05

Treatment
X
Swelling

4

679.31

l. 21

98.22

Time

1

4609.21

8.23*

r 1me 2

1

2013.66

3.60

Error

90

559.96

F-ratio

% Conversion
NO-heme/total hemexlOO)

M.S.

F-ratio

M.S.

F-ratio

M.S.

F-ratio

2216.95

64.40*

2486.72

50.93*

445.90

5.86*

35.47

0.73

40.90

0.54

2.85*

109.63

2.25

56.52

0.74

1.21

0.04

204.15

4.18*

240.02

3.15

0.513

0.01

257.05

5.26*

219.21

2.88

34.42

48.83

76.09

*Significant at p = 0.05.
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Figure 5.

Nitrite depletion in unswollen and swollen, vacuumpacked bags of comminuted pork ham processed with
nitric oxide inoculated with C. botulinum spores
(100/g), and incubated at 27°I.
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Figure 6.

Nitrite depletion in unswollen and swollen, vacuumpacked bags of comminuted pork ham processed with nitric

oxide and EDTA inoculated with C. botulinum spores
(100/g), and incubated at 27°C.-
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storage (Table 3-7).

Typical nitrite depletion curves are presented

in Figures 5 and 6, for NO and NO with EDTA, respectively.

The

difference between nitrite level of unswollen and swollen bags was
highly significant (Table 14-17).
As mentioned earlier, treatments receiving NO with oxalate or
phytate swelled slower than samples treated with sodium nitrite, NO,
or NO plus EDTA.

Both NO with oxalate or NO with phytate also had

much higher nitrite levels immediately after cooking, compared with
the other NO treated samples (Table 6-7).

Thus, it is probable that

the decreased swelling rate of these two treatments is due to the
presence of higher concentrations of nitrite and related compounds
such as nitrous acid, rather than to any synergistic effects of NO
with phytate or oxalate.

Sodium nitrite treated samples also had

similar high nitrite levels of 140 ppm after cooking (Table 3), but
related nitrogen containing compounds were probably lower, since only
156 ppm nitrite was added initially.

Thus, the sodium nitrite treated

samples also swelled more rapidly than the phytate or oxalate
containing samples.
Relationship of Heme Pigments, Total and Soluble
Iron Content to Rate of Bag Swelling
Nitroso pigments were measured for all samples treated with
sodium nitrite or NO.

Total pigments were measured on all samples.

Significant variations among treatments were observed for both nitroso
and total pigments (Table 16-17), with the NO treated samples having
the highest values (Table 13). These variations are probably due to
the fact that treatments were prepared from different batches of meat.
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Sufficient meat was originally obtained to complete the entire
experiment.

However, more meat was required for preliminary

experiments than anticipated.

Thus, two more batches of meat were

required to complete the experiments.

Treatments formulated with only

salt and dextrose, with sodium nitrite, CO, CO and EDTA, and CO plus
phytate were prepared from the same batch of meat.

The meat treated

with NO alone was formulated from a second batch of meat, and all
other treatments were formulated from a third batch of meat.
Curves for the nitroso and total pigment content of unswollen and
swollen bags during storage are presented in Figures 7-8 and 9-10, for
NO and NO with EDTA treated samples, respectively.

There was no

significant difference in the nitroso and total pigment concentration
of meat from unswollen or swollen bags (Table 14).
When analyzed for treatment x swelling interaction, it was found
that the nitroso pigment level was significantly lower in swollen bags
of meat treated with NO alone (Table 15).

Similarly, swollen bags had

significantly lower total heme pigment levels in samples treated with
sodium nitrite.

In contrast, higher levels of nitroso heme pigments

were found in swollen bags of samples treated with NO plus phytate,
compared to unswollen bags (Table 15).
Two way analysis of covariance (Table 17) demonstrated that there
was no significant change in the nitroso pigment content of samples
with time.

In contrast, there was a significant change in the total

pigment content with time.

Inspection of actual data (Table 3-12)

verified that total pigment values decreased somewhat over time,
especially in swollen samples, compared with the total pigment levels
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Figure 7.

Levels of nitroso heme and total heme pigment over time
in unswollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide inoculated with C. botulinum
spores (100/g), and incubated at 27°C.
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Figure 8.

Levels of nitroso heme and total heme pigment over time
in swollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide inoculated with C. botulinum
spores (100/g}, and incubated at 27°C.
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Figure 9.

Levels of nitroso heme and total heme pigment over time
in unswollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide and EDTA inoculated with
C. botulinum spores (100/g}, and incubated at 27°C.
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Levels of nitroso heme and total heme pigment over time
in swollen, vacuum-packed bags of comminuted pork ham
processed with nitric oxide and EDTA inoculated with
f. botulinum spores (100/g), and incubated at 27oc.
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of the same treatment immediately after cooking.

Similarly, swollen

samples treated with CO also contained lower total heme pigment levels
(Table 18).

Tompkin et al. (1978a; 1978d) suggested that

requires iron for growth.

f. botulinum

They found that canned cured meats higher

in heme pigments or with added ionic iron swelled faster when
temperature abused.

Based on the results of the present study it is

suggested that heme iron may be a source of iron for botulinal growth,
since total heme pigment levels decreased slightly in swollen samples.
There was no difference in the soluble iron concentration between
swollen and unswollen samples of the same treatment.
iron content did decrease upon cooking (Table 19).

However, soluble
As expected, the

total iron content varied only slightly among meat batches, not due to
cooking or swelling .

Total iron for the pork ham used in this study

was 9-13 ppm (Table 19), which is in good agreement with iron values
of 9-12 ppm in pork ham reported by Tompkin et al. (1978a).
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Table 18.

Total heme pigment in comminuted pork ham processed with
carbon monoxide alone or with an iron binding salt,
inoculated with C. botulinum spores (100/g), and incubated
at 27°C.
-

Treatment

co
co

Before
cooking
78a

Total heme pigment (~g hematin/g of meat)
Days at 2]CC unti 1
After
swelling
cooking
3
4
5
6
69a

66b

74b

72b

73b
65

100

84

78

74

79

81

66

63

CO + Oxalate 72

56

54

48

no additive

87

+

EDTA

CO + Phytate

97

aAverage of triplicate samples from one bag.
bAverage of triplicate samples from three bags.

63

59

109

Table 19.

Total and soluble iron content.

Total iron

Treatment

Uncooked

no add it i vee

,a

{llg/g)

Postcooked

Soluble iron
Unswollen

(lJg/g)

Swollen
10

11

PostUncook- cooked
ed

Unswollen

2
2

5

11

NaN0 c
2

13

12

NOb

11

12

NOd + EDTA

11

11

12
12

4

11

4

Swol1en

2

2
2

2
2

3
3

3
2

12
10

4

11

NOd + Phytate 12

12

12
13

3

NOd + Oxalate 12

9

9
10

3

coc

11

11

10
9

4

coc + EDTA

12

13

12
12

5

1
1
2
2
4

3
4

coc + Phytate 10

10

10
10

5

2

2
3

cod + Oxalate 13

10

12

4

3

3
3

11

aAll values are an average of triplicate samples from one bag.
b,c,dTreatments with the same superscript letter were prepared from
the same batch of meat.
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CONCLUSIONS
Tompkin et al. (1978a; c; d) have suggested a possible mechanism
for botulinal inhibition in cured meats.

They suggested that nitrite

reduces available iron, thus making iron unavailable for formation of
iron containing enzyme (s) within the bacterial cell.
acts on an essential bacterial nutrient.

Hence, nitrite

They also suggested that

nitrite may inactivate an iron containing enzyme, like ferredoxin, in
the organism.
Thus, in the present study, iron binding systems were tested for
antibotulinal activity, in the hope of developing a non-nitrite meat
curing formulation.

No botulinal inhibition was observed when CO

alone or the iron binding salts were used.

It is probable that CO was

driven from the product during cooking, since the meat turned brown.
Definite inhibition was observed with NO treated meats.
Unfortunately, nitrite was also formed in the product.

Hence, NO

treated meats would still have the potential for formation of
nitrosamines, if the product is severely heated.
The iron binding salts (oxalate, phytate, EDTA) appeared to have
little or no antibotulinal effect.

The increased antibotulinal

efficacy of the NO and oxalate or phytate treatments seemed to be
related to the higher content of nitrite and related compounds in
these treatments, rather than to any direct effect of oxalate or
phytate, themselves.
The iron requirement of botulinal organisms must be very small,
since swollen samples showed no decrease in nitroso heme or soluble
iron content, although the total heme pigment levels did decrease
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slightly.

It is highly probable that f. botulinum does require iron,

in some form and amount, however.

Pappenheimer and Shaskan (1944)

reported the iron content in cells of C. welchii (perfringens) ranged
from 0.0005 mg per mg of bacterial nitrogen to a maximum of 0.0039 mg
of iron per mg of bacterial nitrogen (0.007 to 0.05 percent iron on a
basis of dry weight of bacteria).
In general, the results of this study strongly suggest that
nitrite or related compounds must be present in cured meats to cause
botulinal inhibition.

Simply binding available meat iron in an

attempt to create iron deficiency conditions for the germinating cell
is not sufficient to prevent growth of

f. botulinum. It seems highly

probable that nitrite itself must be present to react directly with
iron containing ferredoxin-like enzymes within the botulinal cell,
inhibiting their growth.

Alternatively, nitrite may complex with

ionic iron within the botulinal organism.

Aldolase (an enzyme of the

glycolytic pathway), has been shown to require ferrous iron as a
cofactor for activity in

f.

perfringens (Bard and Gunsalus, 1950).

The activity of aldolase is greatly decreased in C. perfringens cells
inhibited with sodium nitrite (O'Leary and Solberg, 1976).

Thus,

nitrite substitute systems may be more successful if they contain
enzyme inhibiting agents, rather than the iron binding agents
evaluated in this study.
Iron binding salts may indeed inhibit botulinal growth
synergistically with nitrite, by decreasing availability of ionic iron

to the nitrite-injured cells. However, no such synergistic effects
were observed in this study.

Indirect inhibition, by limiting the
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amount of available iron for the bacterial cell appears to be of
little value for botulinal inhibition in the comminuted pork ham
evaluated in this study.
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